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Grant #DAMD 17-96-1-6262

INTRODUCTION

Almost half of the incident cases of breast cancer occur in women age 65 and older.
However, patients in this age group are infrequently enrolled into randomized clinical
trials, and have been seriously under-represented in the randomized trials of breast-
conserving surgery (BCS) vs. mastectomy. The randomized trials of younger women
suggest that receipt of BCS without radiotherapy is associated with an increased risk of
local disease recurrence, but no definite decrease in overall survival.

The goal of this study is to investigate outcomes associated with different breast cancer
treatments in a population-based observational cohort of women aged 65 and older who
have undergone surgical treatment for early stage breast cancer. The specific aims were:

1. To develop algorithms to utilize Medicare inpatient and outpatient data to define a
cohort of older women with early stage breast cancer who received treatment
consisting of BCS or mastectomy.

2. To determine predictors of receipt of radiotherapy among older women with early
stage breast cancer who have undergone BCS.

3. To determine specific outcomes, especially treatment for local/regional disease
recurrence, associated with receipt of BCS with radiotherapy, BCS without
radiotherapy, and mastectomy among older women with early stage breast cancer.

To accomplish these aims, we proposed methods for using the National Cancer Institute's
Surveillance Epidemiology and End Results (SEER) tumor registry data, as well as
Medicare claims files.

BODY

I: Specific Aim #1: Al2orithms using Medicare data.

A. Early Algorithm

Our initial work on the development of an algorithm to permit the identification of
Medicare patients undergoing surgical treatment for breast cancer focused on the
calendar years 1991-1993 (Reference 1). In this paper, we show that 94% of the patients
receiving breast cancer surgery according to SEER could be identified using Medicare
claims. The sensitivity of the Medicare claims for identifying mastectomy and breast
conserving surgery was similar. However, there was a difficulty with the specificity of
this very simple algorithm for utilizing claims data. While more than 95% of women
having mastectomies according to the Medicare data were confirmed by SEER, only 91%
of the women undergoing breast conserving surgery according to the Medicare data were
confirmed by SEER. Although not discussed explicitly in the attached manuscript, the
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difficulty with specificity of the Medicare claims data was magnified when claims from
normal subjects (subjects residing in SEER population areas who had never been entered
into the SEER tumor registry data) were included in the analyses. We found that there
were a substantial minority of subjects who apparently underwent excision of benign
breast masses for which a diagnosis of breast cancer transiently showed up on Medicare
claims. This problem would seriously limit the ability of investigators to use solely the
Medicare claims data to identify patients undergoing breast-conserving surgery.

Subsequent to the performance of these analyses, the SEER-Medicare data linkage was
extended to include breast cancer patients diagnosed as late as 1996, with their associated
Medicare claims through 1998. We took advantage of the availability of this data to
develop a more complex algorithm, based on 1995 cases, and for which we maximized
the positive predictive value of a breast cancer case as determined by the Medicare claims
data. We perform this work during a no cost extension year, and details are provided
below.

B. Development of a refined algorithm to maximize positive predictive value of
breast cancer subjects undergoing surgical therapy, as determined by Medicare
claims data.

1.Overview

The goal of this study was to develop an algorithm to identify breast cancer cases from
the information contained in Medicare billing records. For such an algorithm to be useful
in studying treatment patterns, it must have good statistical properties. The aim was to
achieve a positive predictive value (PPV) in the neighborhood of 90%, i.e., among those
that are ascertained by the algorithm as breast cancer cases, nearly 90% are to be true
cases of the disease. This, in turn, requires a high degree of specificity. In other words,
for those that do not have breast cancer, the algorithm must be correct with very high
probability since about 99.5% of women in the Medicare population remain free of breast
cancer in any given year.

Before turning to the details of the methods employed to construct the algorithm, we give
an overview. The data source which made this study feasible from the outset is the
SEER-Medicare linked database maintained and made available to us the National
Cancer Institute. It contains data with links between cancer cases in the SEER registry
and the corresponding Medicare billing records for each case. Since SEER attempts to
capture every cancer case in its target areas and is successful with a high degree of
reliability, one can construct a cohort of breast cancer cases and their Medicare records.
In addition, SEER also makes available the Medicare records of 5% of the entire
Medicare population in its areas with all cancer cases marked. This leads to two other
cohorts: cancer-free controls and those with cancers other than breast cancer. In the
algorithm development phase of the project, we used data on the breast cancer cohort for
1995 (BRCA95), a random sample of the 1995 cancer-free controls and all available
cases of other cancers. The last two groups were combined to obtain a control group
(CONTROL95). With these data, extensive data investigations were carried out with

Unpublished data 5



closely accompanied discussions of which medical indications in the billing information
are likely to differentiate the two groups. Details of diagnosis codes, procedure codes,
temporal sequence of events and some physician characteristics were all part of this effort
that resulted in the formulation and definition of 20 different variables for each
individual. This was followed by a screening step that excluded a large portion of
CONTROL95 while retaining a high percentage of BRCA95. The next step consisted of
weighted logistic regression model building to attempt to eliminate almost all of
CONTROL95. The final model consisted of only four binary variables that successfully
discriminated between cases and controls remaining after the screening step.

Since the 1995 data on the training cohorts were used extensively to build variables as
well as the algorithm, its success cannot be measured by its performance on these same
data. We therefore constructed breast cancer cohorts (BRCA92, BRCA93, BRCA94) for
1992-1994 to evaluate the sensitivity of the algorithm and to study its stability across
years. Similarly, we constructed cancer-free cohorts (CAFREE92, CAFREE93,
CAFREE94) and other-cancer cohorts (OTHER92, OTHER93, OTHER94) to estimate
the algorithm's specificity in for these subgroups of controls. In order to use all available
information for estimation, we also constructed CAFREE95 consisting of such controls
from 1995 that were not in the random sample used in the construction of the algorithm.
The results of applying the algorithm to these cohorts are reported below along with
details of data and procedure.

2.Data Sources

The linked Surveillance, Epidemiology and End Results (SEER)-Medicare database used
for this analysis consisted of the following components: Patient Entitlement and
Diagnosis Summary File (PEDSF) file for selecting cancer patients, Summarized
Denominator file (SUMDENOM) for selecting cancer free controls. This latter file
includes demographic information for a 5% sample of Medicare beneficiaries residing in
the SEER areas who have not been reported to any of the registries as having cancer. It
should be mentioned that there is a similar file for cancer patients registered by SEER.
This file is called DENOM file and contains information for any Medicare beneficiaries
identified as a SEER case. Information from the denominator file has already been
appended to the PEDSF file and may be obtained from there. Medicare records were
obtained from two files: Medicare Provider Analysis and Review file (MEDPAR) and
Physician/Supplier bills file (NCH).

3.Training Cohorts BRCA95 and CONTROL95

Breast cancer patients were selected based on the information provided by SEER (PEDSF
file). Patients initially included in BRCA95 were women of age 65 or older diagnosed
with breast cancer in 1995 (n=l 1,380). From these, cases which were reported to SEER
based on an autopsy report (n=3) or a death certificate (108) were excluded, leaving
11,269 breast cancer patients. Also excluded were patients not eligible for Medicare
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(part A and part B) coverage for the entire year of 1995. However, if an individual died
in 1995, the eligibility requirement period was limited to January of 1995 until the month
of death. In all, 744 patients were removed because of Medicare ineligibility. Finally,
inclusion in BRCA was limited to those not enrolled in an HMO in the year of diagnosis,
as Medicare bills from HMOs are incomplete. This last condition eliminated 2,304 breast
cancer patients among those satisfying all other requirements, thus leaving a total of
8,221 breast cancer patients in BRCA95.

For training the algorithm, patients having cancer other than breast cancer were included
in the cohort CONTROL95. These patients were selected based on the information
provided in the PEDSF 5 percent file. This part of CONTROL95 consisted of women of
age 65 or older diagnosed with their first (other than breast) cancer in 1995. The total
number of such patients in the 5% sample was 1,064. The same Medicare and HMO
eligibility criteria were used as for BRCA95. Sixty two patients were not eligible for
Medicare coverage, and among those eligible, 196 patients were HMO members. Thus,
258 patients were excluded from the analysis, leaving a total of 806 other-cancer patients
in CONTROL95.

Cancer free subjects complemented the selected cancer patients to form the final cohort
CONTROL95. These patients were selected based on the SUMDENOM file. A total of
155,173 women, 65 years of age or older were found in the 5% sample. For cancer free
patients, age was computed as of January 1, 1995. It was determined that 102,628 of
these patients were residing in a SEER area in 1995. Among these, 7,068 were not
eligible for Medicare coverage and 20,146 were HMO members. Therefore, we were left
with 75,414 cancer-free women, at least 65 years old, residing in a SEER in 1995 and
satisfying all the same Medicare coverage and HMO eligibility criteria as cancer patients.
Then a random sample of 12,000 cancer free women was selected and added to
CONTROL95.

Medicare records could not be found for 36 breast cancer patients, 5 patients diagnosed
with other cancers, and 824 cancer free controls. Excluding these patients left a
combined of 20,162. Demographic characteristics of these patients are given in Table
A. 1 in the Appendix.

4.Validation Cohorts

Validation of the algorithm was performed using cohorts which were selected based on
the records of the following years: 1992, 1993, 1994. For each year, in addition to the
breast cancer cases (BRCA92 etc.), cancer-free controls (CAFREE92 etc.) and other-
cancer controls (OTHER92 etc.) were analyzed separately. Their demographic
characteristics are in Tables A.2-A.4 in the Appendix. Also, validation was carried out
on those cancer-free controls (CAFREE95) which were not in the random sample of
12,000 cancer-free patients. Demographics for this group are in Table A.5. Each cohort
was selected according to the same rules as the training cohorts with one exception.
Other cancer controls for the training set were such that their first cancer diagnosis
occurred in 1995. For the validation cohorts, this first cancer requirement was dropped.
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5.Algorithm Development

The first phase in the search for an effective algorithm was to study the cohorts BRCA95
and CONTROL95 with a view toward constructing useful variables. Some definitions
and code classifications evolved as part of this phase. The codes are given in Table 1. It
should be noted that by "breast cancer dx" we mean breast cancer (ICD-9-CM code 174-
174.9) as well as breast carcinoma in situ (ICD-9-CM code 233.0).

Unpublished data 8



Table 1. Codes for Diagnoses and Procedures

Diagnoses ICD-9-CM codes

Breast cancer 174-1749

Tumor in breast 2383, 2393
of uncertain
nature/behavior

Carcinoma in situ 2330
(breast)

Other cancer 140-1739 (excludes 1735),
175-1958,
196-1962, 1965-1969,
197-1991 (excludes 1982, 19881),
200-20891,
230-2349 (excludes 2330, 2325),
235-2399 (excludes 2383, 2393)

Biopsy 851-8519

Lumpectomy 8520-8521

Partial mastectomy 8522-8523

Nodal Dissection 403

Mastectomy 8533-8548

Radiation therapy 922-9229, V580, V661, V671

Chemotherapy 9925, V581, V662, V672

Procedures HCPCS codes

Biopsy 19000, 19001, 19100, 19101, 19110, 19112

Lumpectomy 19120, 19125, 19126

Partial mastectomy 19160, 19162

Nodal Dissection 38740, 38745, 38525

Mastectomy 19180-19255

Radiation therapy 77260-77499, 77750-77799

Chemotherapy 96400-96549, J8510-J9999, Q0083-Q0085
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The development process is best described as a three-step undertaking.

Step 1 "Screen". Since our goal was to identify incident breast cancer cases who
underwent an operation for breast cancer, the first step was to screen out patients who
show a small likelihood of satisfying this condition. Thus, only patients having a breast
cancer diagnosis and at least one record of a procedure related to breast cancer (biopsy,
lumpectomy, partial mastectomy, nodal dissection or mastectomy) anywhere in part A
and/or B records were considered to have passed the screen.

Step 2 "Ruled in". Among those who pass the first step, consider everyone who has (i)
at least 2 claims on different dates containing breast cancer diagnosis as the primary
diagnosis in part B records and (ii) a mastectomy record in Part A and/or B or a
lumpectomy or partial mastectomy record in part A and/or B followed by at least one part
B claim for radiation therapy along with a breast cancer diagnosis. Such cases clearly
have a strong indication of breast cancer treated surgically. We considered these patients
"ruled in" as breast cancer cases.

Step 3 "Logistic Regression". For all those who passed the screen (Step 1) but were not
ruled in (Step 2), we developed a statistical algorithm to identify breast cancer cases. The
technique used to accomplish this was weighted logistic regression variable selection.
Here the stepwise method with many variables (along with carefully considered
interactions among them) was used iteratively following variable refinement as suggested
by the intermediate models. The final result was a model with highly significant
variables that have simple interpretations. The variables this final model are:

AB other cancer = 1 if an "other cancer" code was found as primary dx
in part A and/or part B records

= 0 otherwise

B brsecond = 1 if a secondary breast cancer code was found somewhere in
part B claims

= 0 otherwise

AB BCS = 1 if lumpectomy or partial mastectomy code was found in part A
and/or part B records

= 0 otherwise

AB onlyone = 1 if there was no more than one part B claim containing
breast cancer dx as primary dx and
only one lumpectomy or partial mastectomy record was
found in part A and/or B and
there was no carcinoma in situ dx detected anywhere,
and no record of biopsy or nodal dissection

= 0 otherwise

The final model's parameter estimates and significance levels are in Table 2. It should be
noted that estimates themselves are not very meaningful even when converted to odds
ratios or to predicted probabilities. This is because the regression was estimated with a
heavier weight given to the few remaining controls after the first two steps. However, the
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signs of the estimates are meaningful as well as the chi-squares and the corresponding p-
values.

Table 2. Logistic Regression Estimates

Standard
Parameter df Estimate Error Chi-Square Pr >ChiSq

Intercept 1 0.7563 0.1283 34.7690 <0.0001
AB other cancer 1 -2.0219 0.1566 166.6770 <0.0001
B brsecond 1 -2.2432 0.3920 32.7489 <0.0001
AB BCS 1 4.0221 0.2524 254.0161 <0.0001
ABRonlyone 1 -3.5451 0.2655 178.2417 <0.0001

The usual practice in logistic regression based discrimination is to specify a cut-off value
for the predicted probability computed from the estimates. In this case, a value of 0.82
showed good properties. To be explicit, if a Step 3 case shows a predicted probability
greater than 0.82, it would be classified as positive, negative, otherwise. Once again, one
should not interpret the predicted probability or the number 0.82 for reasons given above.
Moreover, since all variables in the model are binary, one does not even need to calculate
the predicted probability. Table 3 lists the possible variable value combinations that
result in declaring a case negative for breast cancer.

Table 3. Possible Profiles to be Declared Negative

Possible
Combination ABothercancer Bbrsecond AB_BCS AB_onlyone

1 1 0 0 0
2 1 1 0 0
3 1 0 1 1
4 1 1 1 1
5 0 1 0 0
6 0 1 1 1
7 0 0 1 1

Although the model and the three-step procedure appears reasonable and resulted in
eliminating almost all controls while retaining over 90% of the cases, its performance
properties cannot be established by using the same data on which it was trained. We give
below the results of using the algorithm on data from other cohorts constructed for
validation purposes.

6.Validation

The performance evaluation of the algorithm can be carried out by estimating its
sensitivity and specificity. The former is the probability with which a true breast cancer
case is detected by the algorithm while the latter equals the probability with which a non-
breast-cancer case is correctly classified. Since the intended use of this algorithm is to
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study treatment patterns for breast cancer, a third property - the positive predictive value
- is perhaps the most important. This is the probability that a case classified as a breast
cancer case by the algorithm is indeed a true case. Table 4 below shows how the
algorithm fared in the cohorts BRCA95, OTHER95 and CAFREE95. The numbers in
each cohort are broken down by the three steps of the algorithm, namely, Screen, Rule
and Logistic Regression.

Table 4. Performance of the algorithm on the training cohorts.
BRCA95 OTHER95 CAFREE95

Number in cohort 8,185 801 11,176
Number after Screen 7,799 8 19
Number Ruled in 6,050 0 8
Number after Step 3, 7,211 0 8
Gold Standard is
SEER
Number after Step 3, 7,211 0 0
Gold Standard is
SEER + Rule
Percent remaining, 88.10% 0% 0%
Gold Standard is
SEER + Rule

Computing from Table 4, we obtain a sensitivity of 88.1%, a specificity of 100.0% and a
positive predictive value of 100.0%. This high level of performance, however, is not
surprising since the algorithm was constructed using these same cohorts. A more
accurate estimation can be obtained by using the algorithm on data available for other
years. Table 5 below shows the results of such estimation. Numbers are reported for
each of the years 1992, 1993, and 1994 separately to demonstrate the stability of the
estimates.

Table 5. Performance of the algorithm on the validation cohorts.
BRCA92/93/94 OTHER92/93/94 CAFREE92/93/94

Number in cohort 8,480/8,169/8,055 813/802/805 68,797/69,529/69,995
Number after Screen 7,993/7,661/7,618 8/6/4 111/79/83
Number Ruled in 6,246/5,923/5,923 1/0/0 18/14/21
Number after Step 3, 7,381/7,039/7,075 3/2/2 50/32/36
Gold Standard is
SEER
Number after Step 3, 7, 381/7,039/7,075 2/2/2 32/18/15
Gold Standard is
SEER + Rule
Percent remaining, 87.0%/86.2%/87.8% 0.25%/0.25%/0.25% 0.047%,0.026%,0.021%
Gold Standard is
SEER + Rule
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It is clear from this table that the performance of the algorithm changes little from year to
year. The sensitivity is around 87% while the specificity is about 99.975% for the cancer
free group and 99.75% for the other-cancers group. To obtain the most precise estimates
possible, it is prudent to pool the data shown in Table 5. Moreover, in CAFREE95 there
are additional 58,735 cancer free cases available from 1995 that were not used in
constructing the algorithm. Including these along with along with those from Table 5
results in the numbers displayed in Table 6.

Table 6. Performance of the algorithm on pooled validation cohorts.
BRCA92+93+94 OTHER92+93+94 CAFREE92+93+94+95

Number in cohort 24,704 2,420 267,056
Number after Screen 23,272 18 332
Number Ruled in 18,092 1 63
Number after Step 3, 21,495 7 143
Gold Standard is
SEER
Number after Step 3, 21,495 6 80
Gold Standard is
SEER + Rule
Percent remaining, 87.0% 0.25% 0.03%
Gold Standard is
SEER + Rule

Finally, these estimates of sensitivity and (100 -) specificity can be converted to an
estimate of the positive predictive value using Bayes Theorem as

BrB Pr(+lIB)PrBPr(+±B) + 7roPr(+ 1O)+7rNPr(+fN)

where 7rB, 7ro and 7rN represent the incidence of breast cancer, other cancers and no
cancers respectively in the study population. Using SEER data for the period under study
these were estimated to be 0.5%, 1.1% and 98.4% respectively. Carrying out this
calculation results in PPV=93.1% with a 95% confidence interval of 91.8% to 94.5%
constructed using Fieller's method.
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V

II. Specific Aim #2: Determine predictors of radiotherapy.

Our work with respect to determinants of radiotherapy is summarized in three major
publications, as well as several of the presentations listed below. As we developed our
analyses in this area, it became apparent to us that there is a relationship between receipt
of radiotherapy among women who undergo BCS, and receipt of axillary lymph node
dissection among these same women. According to the National Institutes of Health's
consensus statement on the treatment of early stage breast cancer, both axillary lymnph
node dissection and postoperative radiotherapy are important components of breast
conserving treatment. Therefore, some of the work we performed with respect to
determining patterns of care associated with breast conserving surgery was extended to
include the concept of "appropriate" therapy, or "complete" vs. "incomplete" breast
conserving therapy. This concept is probably more applicable for the analysis of quality
of care for women undergoing breast cancer treatment.

A. Relation between appropriateness of primary therapy for early stage breast
cancer and increased use of breast conserving surgery.

We performed analyses (detailed in Reference 2) showing that a substantial minority of
women undergoing breast conserving surgery had omission of radiotherapy, axillary
lymph node dissection, or both. In contrast, women undergoing mastectomy treatment
for early stage breast cancer almost always received a total mastectomy with axillary
lymph node dissection. Either of these treatments was felt to be appropriate primary
therapy, based on the NIH consensus statement regarding the treatment of women with
early stage breast cancer. However, as the proportion of women in the U.S. who received
BCS rose during the 1990's, the proportion of the breast cancer population undergoing an
appropriate primary therapy actually fell, from 88% in 1983-89 to 78% by the end of
1995. Because the proportion of all women who were treated by BCS increased, and
because this approach was more likely than was mastectomy to be applied
inappropriately, the proportion of all women having inappropriate care actually increased.
Details are provided in the reprint provided. This study was published in the Lancet,
engendered substantial discussion, and was accompanied by an editorial.

B. Relationship of initial breast cancer treatment and distance from a radiotherapy
facility.

This paper evaluated distance from a hospital with radiotherapy facilities as a predictor of
1) Receipt of BCS vs. mastectomy and 2) Receipt of radiotherapy among BCS patients.
We showed that the odds of receipt of BCS decline when the patient residence is 15 or
more miles from the nearest hospital with a radiotherapy facility (detailed in Reference
3). In addition, among those patients undergoing BCS surgery, those residing 40 or more
miles from a hospital with radiotherapy facility had decreased odds of undergoing
postoperative radiotherapy. Although the effect of distance from a radiotherapy facility
was substantial, it applied to only a relatively small percentage of the SEER cohort
studied. For example, only 11% of the women in the SEER cohort lived 15 or more
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miles away from a radiotherapy facility, and only 3% lived 40 miles or more from ahospital with radiotherapy.

In this paper, we also examined whether the distance from a radiotherapy site accounted
for the previously described variation (in the use of breast conserving surgery) by
geography, and by urban vs. rural population density in the use of breast conserving
surgery. We found that the distance factor did not account for the previously described
geographic variation in treatment. It also did not account for the previously demonstrated
fact that women residing in more urban areas have greater use of BCS than other women.

C. Persistent differences in determinants of use of breast conserving surgery.

This manuscript was described in the October 2000 annual report for this grant, but has
now undergone substantial revision. In this manuscript, which has been accepted for
publication in Medical Care (Reference 4), we examine how the use of BCS by age
group, income, education, and size of metropolitan statistical area has changed over time.
In the accepted manuscript, we show not only how the overall use of breast conserving
surgery has changed over time, but how the use of complete BCS (defined as BCS
accompanied by radiotherapy and axillary lymph node dissection) has changed over time.
This manuscript shows that there is substantial use of incomplete BCS (defined as
omission of radiotherapy and/or axillary lymph node dissection) in all demographic
groups. However, older women are particularly likely to undergo incomplete breast
conserving therapy.

III. Specific Aim #3: Outcomes of primary therapies for early stage breast cancer.

A. Survival among BCS patients not undergoing axillary lymph dissection or
radiotherapy.

This work, which has been accepted for publication (detailed in Reference 5) shows that
women who received neither axillary lymph node dissection nor radiotherapy were at
significantly higher risk of death, compared to those undergoing both axillary dissection
and radiotherapy. The potential confounders of age, tumor size, and comorbid conditions
were adjusted for in the analyses.

B. Intermediate Outcomes After BCS without Radiotherapy.

In the October 2000 report, we showed data showing that women who underwent breast-
conserving surgery without radiotherapy had a significantly elevated hazard of disease
recurrence, defined as late mastectomy, late radiotherapy, and late chemotherapy. We
have now replicated this work on a more contemporary cohort of women who were
diagnosed with breast cancer in 1991. The information pertaining to the 1991 cohort is
summarized below.

For this analysis, we selected from the SEER data in the SEER-Medicare linked data set
women aged 65 and older at the time of diagnosis of a unilateral, stage 1 or 2, first
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lifetime invasive breast cancer between July 1, 1991 and December 31, 1992. Subjects
were required to have to have microscopic confirmation of disease, and have diagnosis
not made at autopsy. Subjects were further required to have undergone breast conserving
surgery treatment for their cancer, based on the SEER information, and to have a known
status with respect to radiotherapy. Based on the Medicare information in the linked
database, the subjects were required to be eligible for both parts A and B of Medicare,
and not to be in a Medicare HMO during the entire period of observation, or until death.
The characteristics of the women included in this cohort are provided in Table 7 below.

Treatment for disease recurrence was based on Medicare claims data, as SEER does not
collect this information. Based on the rationale provided in a previous annual report,
treatment for disease recurrence was defined as
"* Mastectomy occurring 5 or more months after the month of diagnosis
"* Radiotherapy treatment occurring 9 or more months after the month of diagnosis
"• Cytotoxic chemotherapy occurring 12 or more months after the month of diagnosis

A Cox proportional hazards model was used to estimate the hazard for development of
disease recurrence for women undergoing radiotherapy, compared to those not
undergoing initial radiotherapy. Follow up was censored at the time of death,
development of a new incident cancer according to the SEER tumor registry data, or no
further Medicare claims. For most patients, Medicare claims were available through
calendar year 1997. The results are shown in Table 8.

It can be seen in table 8, women initially treated with BCS with radiotherapy had a
hazard ratio of about 0.5 for receipt of treatment for disease recurrence, as defined above.
This was true even when controlling for important patient and tumor characteristics, such
as age, extent of disease status and comorbidity.

We recognize the limitation of this observational data, in that there was undoubtedly
selection bias in terms of which patient underwent radiotherapy with their BCS. In order
to deal with this problem, we performed a propensity score analysis. We first developed
a logistic regression model predicting receipt of radiotherapy among patients in our
cohort. The determinants of receipt of radiotherapy in this model included patient age,
Charlson comorbidity score, residence in a rural as opposed to urban county, race, having
Medicaid insurance in addition to the Medicare insurance, and residence in a zip code of
low educational status. These factors were highly predictive of receipt of radiotherapy,
with a c-score for the model of 0.84. The subjects were then ordered with respect to
propensity for receipt of radiotherapy, and were divided into quintiles, based on the
propensity score. The propensity scores were then incorporated into the regression model
predicting hazard of disease recurrence, along with all the other factors listed in table 2.
In this model, which incorporated the propensity score information, the hazard ratio for
receipt of radiotherapy was 0.53, almost exactly the same as the hazard ratio in the model
not including the propensity scores.
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Table 7.
Characteristics of Study Cohort

Characteristics Number %
Total 2268 100

Age GLqup
65-74 1144 50.4
75-84 795 35.1
85+ 329 14.5

Race
White 2036 90.4
Black 123 5.5
Other/Unknown 109 4.1

Stage of Disease
Stage 1 1703 75.1
Stage 11 565 24.9

Underwent LN Dissection
Yes 1432 63.1
No 836 36.9

Underwent Radiotherqpy
Yes 1558 68.7
No 710 31.3

Charlson Comorbidi1y (IRpt)
0 1949 85.9
1 212 9.3
2 71 3.1
3 36 1.6

Charlson Comorbidijy (QuIpt)
0 1410 62.2
1 623 27.5
2 170 7.5
3 65 2.9

Medicaid Insurance
Yes 158 7
No 2110 93

Proportion 12+ Years Education mean =74% sd 0.12
(in zip code of residence)
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Table 8.
Risk of Treatment for Disease recurrence Among Women Undergoing BCS

Risk Factor Hazard Ratio* P-Value

Received Radiotherapy 0.52 <0.001

Lymph Nodes Positive 2.01 0.01

Lymph Nodes Unknown 1.87 0.01

Tumor Size (square root) 1.23 <0.001

Tumor Grade 3 or more 1.86 <0.001

*Also controlling for age, estrogen receptor positivity, progesterone receptor positivity,

and Charlson comorbidity scores.

Our conclusion regarding this work is that older women who undergo radiotherapy as
part of initial BCS treatment have a markedly reduced hazard for requiring treatment for
disease recurrence. This is true even when incorporating a propensity score analysis to
control for the fact that receipt of radiotherapy was not randomly allocated. Previous
authors have suggested that women in the Medicare age group may not require
radiotherapy after breast conserving surgery, because competing mortality from other
diseases make it unlikely that they will live long enough to experience a local disease
recurrence, or because the biologic characteristics of their breast cancer may be less
aggressive than younger women. Our study provides strong evidence that radiotherapy is
indeed important in reducing the future risk of disease recurrence, even among older
women.

One important limitation of this work is the fact that we do not have information on
tamoxifen treatment. SEER does not collect such information, and Medicare does not
pay for tamoxifen therapy. However, one would expect that physicians electing not to
provide radiotherapy to older BCS patients would be even to more likely to insure that
such patients received tamoxifen therapy. Therefore, it seems unlikely that lack of
information on tamoxifen use is accounting for the reported results.
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KEY RESEARCH ACCOMPLISHMENTS

> Determination of agreement of SEER and Medicare databased for surgical treatment
of breast cancer.

> Determination of relative completeness of different types of Medicare claims for
breast cancer operations recorded by SEER.

> Development of predictors of concordance between SEER and Medicare databased.

> Determination of percentage receipt of appropriate care (BCS patients who have
undergone radiation and axillary lymph node dissection and total mastectomy patients
who have undergone axillary lymph node dissection) over time.

> Determination of predictors of appropriate care, in terms of age, urban vs. rural
residence, and type of surgery.

> Determination of predictors of axillary node dissection, relationship of receipt of
axillary dissection to receipt of radiotherapy and relationships to survival, among
BCS patients.

> Determination of the relationship between breast cancer treatment received and
distance a patient resides from a hospital with radiotherapy facilities.

> Finding that distance from patient residence to a hospital with radiotherapy does not
account for geographic variation in use of BCS nor the geographic variation in use of
radiotherapy after BCS.

> Finding of persistent variation in use of BCS by geography, urban-rural status, and
socioeconomic status 10 years after the publication of the first U.S. randomized trial
of BCS vs. mastectomy.

> Development of methodology fr partitioning mastectomy, radiotherapy, and
chemotherapy claims into initial therapy or therapy for recurrent disease.

> Finding that claims-based methodology for determining breast cancer recurrence has
faced validity in terms of predicting breast cancer specific mortality.

> Finding that receipt of BCS without radiotherapy is associated with an elevated
hazard of treatment for disease recurrence, among a cohort of breast cancer patients
ages 65 and older.

> Determination of demographic determinants of complete BCT (BCS accompanied by
radiotherapy and axillary lymph node dissection) vs. incomplete BCT (BCS omitting
radiotherapy, axillary lymph node dissection, or both).
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SConfirmation of our finding that older women who undergo BCS without
radiotherapy have an elevated hazard of treatment for disease recurrence, compared to
women who undergo BCS with radiotherapy.

> Development of an algorithm to use solely Medicare claims data to identify women
undergoing mastectomy or breast conserving surgery for the initial treatment of early
stage breast cancer, and optimization of algorithm to maximize the positive projective
value.

REPORTABLE OUTCOMES

Publications:
"* Du X. Freeman JL, Warren JL, Nattinger AB, Zhang D, Freeman DH, Goodwin JS.

Accuracy and completeness of Medicare claims data for surgical treatment of breast
cancer. Med Care 2000;38:719-727.

" Nattinger AB, Hoffmann RG, Kneusel RT, Schapira MM. Relationship between
appropriateness of primary therapy for early-stage breast carcinoma and increased use
of breast-conserving surgery. Lancet 2000;356:1148-53.

" Nattinger AB, Kneusel RT, Hoffmann RG, Gilligan MA. Relationship of initial
breast cancer treatment and distance from a hospital with radiotherapy facilities. J
Nati Cancer Inst. 2000;93(17): 1344-45.

" Du XL, Freeman JL, Nattinger AB, Goodwin JS. Survival of women after breast
conserving surgery for early stage breast cancer. Breast Cancer Research and
Treatment. Accepted for publication.

" Gilligan MA, Kneusel RT, Hoffmann RG, Greer AL, Nattinger AB. Persistent
differences in socio-demographic determinants of use of breast-conserving treatment
dispite overall increased use. Med Care. Accepted for publication.

Presentations and Abstracts:
"* Beam CA, Nattinger AB. Accuracy of inpatient Medicar claims for breast cancer

therapy determination. Presented at the Department of Defense U.S. Army Medical
Research and Material Command Breast Cancer Research Program Meeting: An Era
of Hope. Oct 31-Nov 4, 1997, Washington, DC.

" Beam CA, Guse C, Nattinger AB. Do outpatient records improve the accuracy of
medicare breast coancer claims data? J Gen Intern Med 1998; 13(suppl):41. Presented
at the Society of General Internal Medicine National Meeting, April 23-25, 1998,
Chicago, IL.

"* Nattinger AB, Hoffmann RG, Kneusel RT, Schapira MM. Decrease in
appropriateness of breast cancer care associated with increased use of breast-
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conserving surgery. J Gen Intern Med 1999; 14 (suppl 2):58. Presented at the 2 2nd

Annual National SGIM meeting in San Francisco, CA, April 29-May 1, 1999.

"* Nattinger AB, Hoffmann RG, Kneusel RT, Schapira MM. Outcomes associated with
omission of radiotherapy after breast-conserving surgery, among older women with
early stage breast cancer. JGIM2000;15:87-88. Presented at the 2 3 rd Annual SGIM
meeting in Boston, MA, May 4-6, 2000.

"• Gilligan M, Hoffmann RG, Kneusel RT, Nattinger AB. Determinants of use of
breast-conserving surgery: Change over time. JGIM 2000; 15:117. Presented at the
23rd Annual SGIM meeting in Boston, MA, May 4-6, 2000.

Grants Awarded:
"* "Outcomes of Older Women with Early Stage Breast Cancer", PHS, National Cancer

Institute ROl CA81379. July 1, 2000-June 30, 2003, based in part on work supported
by this award.

CONCLUSIONS

With respect to specific aim #1, we conclude that a simple algorithm using Medicare
claims to identify a cohort of older early stage breast cancer patients had sensitivity of
greater than 90%, but poor specificity, limiting its practical application. However, it has
been possible to develop a more complex algorithm, utilizing logistic regression-based
discrimination. This improved algorithm has a positive predictive value of greater than
90% in the target Medicare population. It should be noted that the cases identified by the
more complex algorithm are limited to early stage breast cancer cases, for whom an
operation was performed.

With respect to specific aim #2, we have identified a number of predictors of
radiotherapy, including a novel predictor, distance of patient residence from a
radiotherapy facility. We have also show that the increase in use of breast conserving
surgery in the treatment of early stage breast cancer has been associated with a decrease
in the percentage of the breast cancer population receiving appropriate care, according to
the 1990 NIH consensus statement on early stage breast cancer. Furthermore, age,
socioeconomic status, and geography remain important determinants of the use of breast
conserving surgery, as well as the use of complete (BCS accompanied by radiotherapy
and axillary lymph node dissection) breast conserving therapy.

With respect to specific aim #3, we conclude that older women who undergo neither
axillary lymph node dissection nor radiotherapy are at significantly higher risk of death,
compared to those undergoing both axillary dissection and radiotherapy. Age, tumor
size, and comorbid conditions do not appear to account for this effect. In addition, older
women undergoing BCS without radiotherapy are at substantial risk for the development
of disease recurrence requiring therapy.
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Relation between appropriateness of primary therapy for early.
stage breast carcinoma and increased use of breast-conserving -

surgery

Ann Butler Nattinger, Raymond G Hoffmann, Ronald T Kneusel, Marilyn M Schapira

Summary Introduction
In June, 1990, a Consensus Development Conference

Background Breast-conserving surgery is a more complex organised by the National Institutes of Health held that
treatment than mastectomy, because a separate incision is either breast-conserving surgery or total mastectomy was
needed for axillary lymph-node dissection, and postoperative appropriate for most women with stage I or II breast
radiotherapy is necessary. We postulated that adoption of cancer. This consensus statement also clarified that either
this therapy into clinical practice might have led to operation should include axillary lymph-node dissection,
discrepancies between the care recommended and that and that breast-conserving surgery should be
received, accompanied by radiotherapy.' Breast conservation was

judged preferable to mastectomy' but is arguably more
Methods We used records of the US national Surveillance, complex. Breast conservation requires a separate incision
Epidemiology, and End Results tumour registry to study for axillary lymph-node dissection, postoperative
144 759 women aged 30 years and older who underwent radiotherapy, attention to the tumour margins, and
surgery for early-stage breast cancer between 1983 and attention to the cosmetic result.'
1995. We calculated the proportion undergoing at least the The use of breast-conserving surgery increased during
minimum appropriate primary treatment (defined, in the early 1980s,3 remained generally stable during the late
accordance with the recommendations of a National 1980s,4', and increased further from about 1990
Institutes of Health Consensus Conference in 1990, as total onwards.6"' Adoption of a more complex therapy into
mastectomy with axillary node dissection or breast- clinical practice might be expected to lead to some
conserving surgery with axillary node dissection and discrepancy between the care recommended and that
radiotherapy) during each 3-month period, delivered. For example, not all women undergoing breast-

conserving surgery receive radiotherapy3,"'°,
Findings The proportion of women receiving appropriate In this study, we assessed the use of appropriate
primary therapy fell from 88% in 1983-89 to 78% by the end primary therapy, as recommended by the 1990 consensus
of 1995. This decline was observed in all subgroups of age, conference, over the period 1983-95.
race, stage, and population density. Of all women in the
cohort, the proportion undergoing an inappropriate form of Methods
mastectomy remained stable at about 2.7% throughout the Patients
study period. The proportion undergoing an inappropriate The National Cancer Institute Surveillance, Epidemiology,
form of breast-conserving surgery (omission of radiotherapy, and End Results (SEER) registry'2 was the source of data
axillary node dissection, or both) increased from 10% in on breast-cancer patients and their care. The SEER data
1989 to 19% at the end of 1995. were collected by nine geographically distinct population-

based tumour registries; the registry included information
Interpretation Although most women undergo appropriate on demographic characteristics, extent of disease, and
care, the appropriateness of care for early-stage breast initial treatment for about 10% of US cancer patients.
cancer in the USA declined from 1990 to 1995. Because the The nine SEER sites included are the entire states of
proportion of all women who were treated by breast- Connecticut, Hawaii, Iowa, New Mexico, and Utah, and
conserving surgery increased, and because this approach the metropolitan areas of Atlanta, Detroit, Seattle-Puget
was more likely than was mastectomy to be applied Sound, and San Francisco-Oakland.
inappropriately, the proportion of all women having To characterise the study population further, we
inappropriate care increased, obtained from the federal Area Resource File'3

information on the urban or rural status of the county of
Lancet 2000; 356: 1148-53 residence of the patient.
See Commentary page 1124 We initially selected 147 432 women aged 30 years or

older at the time of first diagnosis of an invasive local or
regional unilateral breast cancer between 1983 and 1995.
We have used similar methods previously.6?7 We excluded
1887 (1-3%) women who did not undergo primary breast-
conserving surgery or mastectomy or whose type of
surgery was unknown and 55 women (0-04%) whose date
of diagnosis was unknown. These exclusions left a cohort
of 145 490 women.

Departments of Medicine (A Butler Nattinger MD, R T Kneusel Ms,
M M Schapira MD) and Blostatistics (R G Hoffmann PhD), Definitions of analytical variables
Medical College of Wisconsin, Milwaukee, WI, USA Based on SEER convention, the cancer was classified as
Correspondence to: Dr Ann Butler Nattinger, Division of General local if it was confined to the breast tissue and regional if it
Internal Medicine, FEC Medical Office Building, Suite 4200, had extended into surrounding tissue or regional lymph
9200 West Wisconsin Avenue, Milwaukee, WI 53226, USA nodes. The more precise American Joint Committee on
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Cancer staging was not recorded until 1988, so could not relative risk. Therefore, we corrected the adjusted odds
be used for the primary analyses. That staging and tumour ratios and CI to estimate the adjusted relative risk more
size information were used for a subgroup analysis of precisely.'"
women treated in 1998 or later.

Patients were classified by SEER as having received Results
breast-conserving surgery if they underwent segmental 65'0% of the patients had local stage disease (table). Most
mastectomy, lumpectomy, quadrantectomy, tylectomy, were white and most lived in urban areas. There were
wedge resection, excisional biopsy, or partial mastectomy. increasing numbers of breast-cancer patients over time.
All other women underwent some form of mastectomy. Overall, 32-7% of the patients underwent breast-
Patients were classified as having had radiotherapy if they conserving surgery; the remainder had mastectomy. As
received any form of radiotherapy according to SEER and found previously,6-9 the use of breast-conserving surgery
as not having had radiotherapy if SEER recorded them as increased from 1983 to 1985, was stable until mid-1990,
undergoing no radiotherapy or refusing radiotherapy. then increased steadily until 1995 (figure 1).

The patients were grouped by age at diagnosis (30-49 The unadjusted proportion of women in the cohort
years, 50-64 years, 65-79 years, 80 years and older). Race receiving appropriate primary therapy was about 88%
was classified as white, black, or other. The size of until the late 1980s (figure 1); it then decreased to about
metropolitan statistical area (MSA) of the county of 78% by the end of 1995. The multivariate model, which
residence was classified as fewer than 250 000 individuals adjusted for age, race, stage, and size of MSA, showed a
or 250 000 or more individuals. For 85 (0.06%) of the consistent decrease in the proportion receiving
patients, no valid code for county of residence was appropriate care from the second half of 1990 to 1995.
available. Such patients were excluded from analyses of For the cohort overall, the adjusted relative risk of receipt
urban versus rural status but were included in other of appropriate therapy in 1995 compared with 1989 (the
analyses. last year before the decline began) was 0.91 (95% CI

On the basis of the 1990 consensus conference,' the 0"90-0'93).
minimum requirements for appropriate primary therapy To assess whether this decline in the proportion
were defined as total mastectomy with axillary lymph- receiving appropriate care was restricted to certain
node dissection or breast-conserving surgery with axillary subgroups of patients, we examined the annual rate of
lymph-node dissection and radiotherapy. Women who decrease from 1989 to 1995 overall, and for each
underwent subcutaneous mastectomy, total mastectomy subgroup of age, race, stage of disease, and size of the
without lymph-node dissection, breast-conserving surgery MSA in which the patient lived. The adjusted relative risk
without radiotherapy, or breast-conserving surgery of receiving appropriate care in each year, compared with
without lymph-node dissection were classified as not the previous year was 0.987 (0-986-0.988). There was a
meeting the consensus standard. For 731 (0"5%) of the significant annual decrease in the risk of receiving
145 490 women, we could not assess whether care met appropriate care for each subgroup, with annual relative
the standard, because we could not find out whether they risks ranging from 0.980 to 0"994 for the various
had undergone radiotherapy. The final study cohort subgroups. Although each subgroup had a significant
consisted of the 144 759 women for whom decline, the falls were smaller in women aged 80 years and
appropriateness of care could be assessed. older than in younger women (p<0.0001), and in women

living in less urban areas than in women living in more
Analysis urban areas (p<0"0001). In addition, each SEER site also
The study period was divided into 3-month periods. Each had a significant annual decrease in the relative risk of
patient was assigned to one of these periods on the basis of receiving appropriate care.
her month and year of diagnosis. For each period, the To assess whether the consensus recommendations
proportion of women who received appropriate therapy were being applied selectively on the basis of prognosis,
was calculated, with the denominator consisting of all we calculated the proportion receiving appropriate care
cohort patients treated during that time. Unadjusted
proportions are plotted in the figures. Characteristic Number of Characteristic Number of

A multivariate logistic model was constructed to allow patients patients
adjustment of the probability of appropriate therapy for Age (years) Stage of disease
differences in age of patient, stage of disease, race, or size 30-49 34 978 (24.2%) Local 94 167 (65.0%)
of the MSA in which the patient lived. Time for each 50-64 45 870 (31.7%) Regional 50 592 (35.0%)

65-79 48 855 (33.7%)
patient was recorded as month of diagnosis. Trends in >80 15056(104%) Year of diagnosis
treatment over time measured in months were modelled 1983 8647(60%)

t t Race 1984 9179(6.3%)

with a logistic spline function,'4 which allowed knots White 126363(87.3%) 1985 10037(6.9%)

(linear rate changes in the underlying model for Black 10 321 (7.1%) 1986 10 525 (7.3%)

appropriateness with time) at the beginning of the year. In Other 7332 (5.1%) 1987 11 421 (7.9%)

addition, knots were allowed every 6 months from 1989 to Unknown 743(0.5%) 1988 11370 (7.8%)
1989 10 996 (7.6%)

1991, around the time of the consensus conference. A SEER site 1990 11 664 (8.1%)

forward stepwise regression analysis was used to include San Francisco 24 681(17.0%) 1991 12 034(8.3%)
Connecticut 23 657 (16.3 921208%8.%

only the knots that were significant. This approach Detroit 25042 (17.3%) 1992 12086 (8.4%)onyDtot254(73)1993 11 996 (8.3%)

produced a piecewise linear logistic fit to the underlying Hawaii 5830(4.0%) 1994 12313 (8.5%)
time trend with potential differences for each covariate. Iowa 19 350 (13-4%) 1995 12 491 (8.6%)

Each covariate was fitted separately to allow interactions New Mexico 7180 (5.0%) 195_249_8_%
Seattle 20 832 (14.4%) Surgical treatment

between the covariates and time. Utah 7107 (4.9%) Mastectomy 97 481 (67.3%)
Using the multivariate model, we calculated the odds Atlanta 11 080 (7.7%) Breast-conserving 47 278 (32.7%)

ratio for receipt of appropriate care in 1995 compared Size of MSA (number of people) surgery

with 1989, with adjustment for age, race, stage, and size <250 000 30115 (20.8%)
of MSA. Because inappropriate care is not a rare event in _>250 000 114 599 (79.2%)
this cohort, the odds ratio is a biased estimate of the Characteristics of study population
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Figure 1: Use of breast-conserving surgery and use of therapy defined as appropriate in the study population

based on tumour size. Information on tumour size was We postulated that the decrease in the proportion of
available only from 1988, so we restricted these analyses patients receiving appropriate therapy was associated with
to women diagnosed from 1988 to 1995. Among 45 540 increased use of breast-conserving surgery. Of all patients
women with stage I disease, those with tumours of in the cohort, the proportion of patients undergoing
0-10 mm and 11-20 mm in diameter did not differ mastectomy treatment that did not meet the standard
(p=O.09) in terms of decline in use of appropriate therapy. (total mastectomy without lymph-node dissection or
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Figure 2: Proportion of women undergoing care that did not meet the consensus statement standards
Proportions undergoing breast-conserving surgery without radiotherapy and without axillary lymph-node dissection add to more than the total undergoing any
inappropriate breast-conserving surgery because some women underwent neither. The denominator includes 144 759 women diagnosed with local or
regional breast cancer from 1983 to 1995, who underwent either mastectomy or breast-conserving surgery.
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Figure 3: Proportion of patients undergoing breast-conserving surgery who received both radiotherapy and axillary lymph-node
dissection, only one ancillary treatment, or neither
Denominator is 47 278 women diagnosed with local or regional breast cancer from 1983 to 1995 who underwent breast-conserving surgery as primary
therapy.

subcutaneous mastectomy) remained stable at about Discussion
2.7% throughout most of the study period (figure 2). By We have shown a decrease in the appropriateness of
contrast, the proportion of the total cohort undergoing primary therapy for early-stage breast cancer during the
breast-conserving surgery that did not meet the standard period 1990 to 1995, as judged against the 1990 US
(no radiotherapy, no axillary node dissection, or neither) National Institutes of Health Consensus Statement. The
rose from about 10% in 1989 to almost 19% at the decline occurred in all subgroups based on age, stage of
end of 1995. About equal proportions of women disease, and race. It was more pronounced among women
underwent care that was judged inappropriate because living in more urban areas, probably because such women
radiotherapy was omitted and because axillary node are more likely to undergo breast-conserving surgery.4",°6

dissection was omitted. The decrease in the overall proportion of women who
We further postulated that the decrease in received appropriate care is attributable to increased use

appropriateness of care was related to a decrease over time of breast-conserving surgery during the early 1990s. We
in the proportion of patients undergoing breast- emphasise that the proportion of patients treated
conserving surgery who received radiotherapy or lymph- conservatively who received appropriate care did not
node dissection. However, among the women undergoing change during this time. Rather, there has been a
breast-conserving surgery, the proportion who received substitution of a newer therapy, breast-conserving surgery
radiotherapy and axillary node dissection increased during for the previously dominant mastectomy therapy. Because
the mid-1980s and remained stable at about 65% breast-conserving surgery is not carried out according to
during the 1990s (figure 3). Therefore the decrease in the consensus standards in a substantial minority of
the proportion of patients in the entire cohort undergoing patients, and mastectomy therapy is carried out according
appropriate treatment was related to the overall increase to consensus standards in the vast majority of cases, there
in the use of breast-conserving surgery and was not has been a decrease overall in the likelihood that on
attributable to a decrease in the proportion of the patients average patients will receive appropriate therapy.
who underwent breast-conserving surgery and received Some physicians or patients might disagree with the
radiotherapy and lymph-node dissection (figure 3). consensus statement recommendations for use of
Of the women who underwent breast-conserving surgery, radiotherapy and axillary node dissection in certain
roughly equal proportions did not receive radiotherapy, subgroups of patients (eg, those at very low risk).
axillary node dissection, and neither ancillary treatment However, the decline in appropriateness was found in all
by 1995. subgroups examined, which does not support such

Although the number of women treated each year disagreement as an explanation for our findings. Patients
for breast cancer in this cohort increased 13-6% from are diverse, and consensus panel recommendations
1989 to 1995 (from 10 996 women in 1989 to cannot be expected to be applied rigidly to everyone.
12 491 women in 1994), the number of women each Therefore, that 100% of women did not undergo therapy
year who received conservative treatment that did not meeting the consensus standard is not surprising. What is
satisfy the consensus guideline nearly doubled over the surprising, however, is that the proportion of the
same period (from 1158 women in 1989 to 2207 women population meeting the standard declined in the years
in 1995). immediately after the consensus conference. The SEER
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sites we studied include about 10% of the US population, Our results raise concern about translation ofbreast-
so our results suggest that more than 22 000 women each conserving therapy into clinical practice in the 1990s.
year may be receiving initial care that does not meet the Although most women do receive appropriate care, a-
consensus standard. return to the appropriateness levels of the late 1980s

Women treated with breast-conserving surgery who do would require a substantial increase in adherence to the
not receive radiotherapy have local recurrence rates of consensus standard for use of radiotherapy and axillary
about 35% after 5 years.'"' Although such recurrences node dissection in women undergoing breast-conserving
did not influence survival in the randomised trials of surgery. These findings highlight the need for careful
breast-conserving surgery, the use of this approach study of the use and outcomes of new therapies as they are
without radiotherapy has been associated with higher adopted into practice.
mortality in two population-based observational
studies."," In addition, local disease recurrence is Contributors
psychologically devastating for many women. Some may All the investigators contributed to the design of the study and analysis of

argue that patients with small tumours and stage I disease the results. Raymond Hoffmann was primarily responsible for developing
the multivariate analysis, with input from the other investigators.

who are treated with breast-conserving surgery do not Ann Butier Nattinger drafted the report, and all the investigators
need radiotherapy. However, we are aware of no contributed to editing.
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tracts were unavailable from SEER for analysis was limited to the 8095 (45.7%)
years of diagnosis after 1992. The size women in the cohort aged 65 years and

BRIEF of the metropolitan statistical area older, the results were virtually the same
(MSA) of residence of each patient was as for the entire cohort (Table 1).

COMMUNICATION determined from the 1990 U.S. Census, Among the 7187 women who under-
as was the percent of adults living in the went BCS and for whom receipt of ra-
patient's census tract who had a college diotherapy was known, a statistically
education (a proxy indicator of socio- significant decrease in the probability of

Relationship of Distance From a economic status) (12). Information on receipt of radiotherapy (OR = 0.55;

Radiotherapy Facility and Initial census tract or socioeconomic status 95% CI = 0.37 to 0.82) was observed
was unavailable for 3406 women, leav- for women living 40 miles or more from
ing a final study cohort of 17729 a radiotherapy site (Table 1). However,

Ann Butler Nattinger, Ronald T. women. only 1.7% of the patients who received
Kneusel, Raymond G. Hoffmann, Hospitals offering radiotherapy ser- BCS lived this far from a hospital pro-

vices were determined from the 1990 viding radiotherapy.
Mary Ann Gilligan American Hospital Association (AHA) We were further interested in wheth-

Annual Survey of Hospitals (13). Of the er the distance from a radiotherapy fa-

Substantial variation has been de- 1257 such hospitals, the latitude and cility explained the differential use of

scribed in the use of breast-conserving longitude of 87% were determined from BCS previously observed in relation to

surgery (BCS) for early-stage breast the 1997 AHA Survey (14). (The 1997 geographic region and population den-

cancer (1-4) and in the receipt of radio- AHA Survey was the first year to in- sity. Thus, we assessed the fit of incre-

therapy by patients undergoing BCS lude hospital latitude and longitude.) mental logistic regression models. The

(2,4-6). Increased use of BCS is associ For those hospitals not included in the likelihood ratio test for a logistic model

ated with urban residence and with treat- 1997 AHA Survey, we determined the using the patient covariates plus dis-

ment in a hospital with radiotherapy latitude and longitude of the centroid of tance from radiotherapy site was statis-

available (1,3). the hospital's ZIP code from the U.S. tically significantly different from a

These findings raise the question of Bureau of the Census (15). For each pa- model including only the patient covari-

whether the distance that a patient must tient in the cohort, the hospital with the ates as predictors of receipt of BCS

travel to a radiotherapy facility affects shortest distance from the census tract of (P<.001, Table 2). When the size of the
residence of that patient was determined MSA in which the patient resides was

thae l atikelihoo t wiCl weceile usediot r by a standard formula for computing the added to the model including distance,
that the patient will receive radiotherapy distance between two coordinates of the likelihood ratio test was again statls-
in conjunction with BCS (4,5,7). Ac- latitude and longitude (16). tically significant for the difference be-
cording to current guidelines, women Of the 17 729 women in the study tween the two models (P<.001, Table 2),
undergoing BCS should receive postop- cohort, 88.0% were white, 54.9% had which implies that MSA size contributes
erative radiotherapy to decrease the like- stage I disease, and almost 58.3% un- explanatory power incremental to that of
lihood of local disease recurrence (8). derwent mastectomy therapy. Of the the distance from the radiotherapy site
Radiotherapy is typically provided in 7384 patients who underwent BCS, and the patient characteristics. Simi-
treatments that are given 5 days per 74.8% underwent radiotherapy, and larly, when the SEER site was added to
week for 5-6 weeks (9,10). 2.7% had an unknown status with re- the model with radiotherapy distance,

To address these issues, we studied spect to radiotherapy. The median dis- the likelihood ratio test was statistically
patients from the National Cancer Insti- tance from a hospital with a radio- significantly different between the two
tute's Surveillance, Epidemiology, and therapy facility was 4.1 miles, and models (P<.001, Table 2), suggesting
End Results (SEER)1 registry national 89.2% of the patients lived within 15 that geographic region also adds predic-
public-use database, by using methods miles of such a hospital. tive value incremental to that of distance
similar to those that we described previ- Women residing an increased dis- and the patient characteristics.
ously (6). Patients from Hawaii were tance from a hospital with a radio- Using an analogous set of compari-
excluded because of the unusual geo- therapy facility had a decreased likeli- sons, we found that the size of the MSA
graphic characteristics of this state. hood of undergoing BCS (Table 1). The and the SEER geographic site also each

A cohort was selected of 21 135 lower probability of undergoing BCS
women who were aged 30 years or older was statistically significant for women
at the time of first diagnosis of a stage I residing 15 miles or more from the near- Affiliations of authors: A. B. Nattinger, R. T.

or II unilateral breast cancer during the est hospital with a radiotherapy facility Kneusel, M. A. Gilligan (Department of Medi-

period from 1991 through 1992 and who (odds ratio [OR] = 0.52; 95% confi- cine), R. G. Hoffmann (Department of Biostatis-
underwent BCS or mastectomy. The dence interval [CI] =0.46 to 0.58). We tics), Medical College of Wisconsin, Milwaukee.

Correspondence to: Ann Butler Nattinger,
1990 U.S. Census tract of residence for had postulated that any relationship of M.D., M.P.H., Division of General Internal Medi-

each patient was determined from SEER distance to radiotherapy site and therapy cine, FEC Medical Office Building, Suite 4200,
records, and the latitude and longitude undergone might be more prominent 9200 W. Wisconsin Ave., Milwaukee, WI 53226

of the census tract were determined from among older women because older (e-mail: anatting@mcw.edu).
the ZIP Code Equivalency file of the women may have more difficulties with See "Notes" following "References."

U.S. Bureau of the Census (11). Census transportation (17). However, when the © Oxford University Press
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Table 1. Effect of distance of patient residence to nearest hospital with a radiotherapy facility on the the distance to a radiotherapy site, our
receipt of breast-conserving surgery (BCS) and on radiotherapy after BCS larger sample size gave us better power

- Distance from hospital Overall OR* OR* if _-65 y old to detect this association.
with radiotherapy facility, miles (95% Cl) (95% CI) The decreased use of BCS among

breast cancer patients living 15 miles or
Receipt of BCS versus mastectomy more from a radiotherapy site does

<5 Referent Referent not necessarily mean that these women
5 to <10 1.08 (1.00 to 1.06) 1.07 (0.95 to 1.20) undergo inappropriate care. Modified

10 to <15 1.07 (0.95 to 1.19) 0.98 (0.82 to 1.18) radical mastectomy is an appropriate
15 to <20 0.76 (0.62 to 0.92) 0.72 (0.52 to 0.99)
20 to <30 0.61 (0.50 to 0.75) 0.49 (0.37 to 0.66) treatment option for women with early-
30 to <40 0.44 (0.34 to 0.58) 0.32 (0.22 to 0.45) stage breast cancer (8). Nonetheless,
_-40 0.43 (0.35 to 0.53) 0.42 (0.31 to 0.56) these women may not perceive access to

Receipt of radiotherapy among BCS patients BCS as a realistic treatment option. The
0 to <10 Referent Referent finding of a lower use of radiotherapy

10 to <20 0.79 (0.65 to 0.94) 0.76 (0.57 to 1.01) among BCS recipients living 40 miles or
20 to <30 1.03 (0.68 to 1.55) 0.81 (0.46 to 1.40) more from a hospital with a radio-
30 to <40 0.91 (0.55 to 1.51) 0.97 (0.47 to 2.01)
_-40 0.55 (0.37 to 0.82) 0.56 (0.32 to 0.97) therapy facility, however, does raise an

S..issue of appropriateness of care (6). Ra-
*Adjusted for age, stage of disease, race, educational status [which have previously been shown to be diotherapy is clearly recommended for

determinants of use of BCS (1,2,18)] with a logistic regression model. There was no substantive difference women who undergo breast conserva-
between adjusted and unadjusted results (not shown). The analyses of receipt of radiotherapy among tion as primary therapy (8), and women
patients undergoing BCS had a substantially smaller sample size. Therefore, larger categories of distance who undergo BCS without radiotherapy
were required for analysis. OR = odds ratio; CI = confidence interval, have local recurrence rates of about 35%

over a 5-year period (21-24).

Table 2. Incremental explanatory effect of distance from RT site, size of MSA, and SEER site on Although the distance of more than
breast cancer treatment* 15 miles from a radiotherapy site had a

moderate effect on the receipt of BCS,
Model componentst LR test P R2  only 11% of the women in this cohort

Use of BCS vs. mastectomy lived 15 miles or more away from a ra-
1) Covariates - - diotherapy facility. Similarly, only 3.1%
2) Covariates + distance 151.9 with 6 df(vs. model 1) <.001 .275 of the entire study cohort and 1.7% of
3) Covariates + distance + MSA size 79.7 with 2 df (vs. model 2) <.001 .282 the BCS patients lived 40 miles or more
4) Covariates + distance + SEER site 389.3 with 7 df (vs. model 2) <.001 .311

Use of RT among BCS patients away from a hospital with radiotherapy.
5) Covariates - - Although the SEER population is some-
6) Covariates + distance 13.8 with 4 df (vs. model 5) .008 .368 what more urban than the population in
7) Covariates + distance + MSA size 56.4 with 2 df (vs. model 6) <.001 .377
8) Covariates + distance + SEER site 237.3 with 8 df (vs. model 6) <.001 .405 the rest of the United States (25), only a

reassuringly small percentage of the
*MSA = metropolitan statistical area; SEER = Surveillance, Epidemiology, and End Results Reg- U.S. population is likely to be affected

istry; LR = likelihood ratio; RT = radiotherapy. by the findings of this study.
-For these analyses, logistic regression models were constructed, incrementally including the distance

factor and then the population density or SEER site (geographic region) factors. The incremental fit of REFERENCES
these models was assessed with the LR test (18). An R2 statistic was used as a measure of the predictive
power of the different models (18). Covariates refer to the patient characteristics of age, race, stage of
disease, and educational status. All statistical tests are two-sided. (1) Nattinger AB, Gottlieb MS, Veum J, Yahnke

D, Goodwin JS. Geographic variation in the
use of breast-conserving treatment for breast

cancer. N Engl J Med 1992;326:1102-7.
have incremental explanatory power in a all of the previously described (1-3,19) (2) Farrow DC, Hunt WC, Samet JM. Geo-
model including patient characteristics geographic variation in treatment or for graphic variation in the treatment of localized

and distance as predictors of receipt of the previously demonstrated (1,3) fact breast cancer. N Engl J Med 1992;326:1097-
radiotherapy after undergoing BCS that women residing in more urban areas 101.

(Table 2). have greater use of BCS than other (3) Nattinger AB, Gottlieb MS, Hoffman RG,
Walker AP, Goodwin JS. Minimal increaseIn summary, we found a statistically women. in use of breast-conserving surgery from

significant decrease in the likelihood of Some unmeasured factor, such as a 1986 to 1990. Med Care 1996;34:479-89.
undergoing BCS among women resid- health systems factor, could account for (4) Ballard-Barbash R, Potosky AL, Harlan LC,
ing 15 miles or more from a hospital the observed association between dis- Nayfield SG, Kessler LG. Factors associated
with radiotherapy facilities. Among tance from a radiotherapy facility and with surgical and radiation therapy for early
women who underwent BCS, a lower treatment. However, our results regard- stage breast cancer in older women. J Natl

probability of undergoing radiotherapy ing distance and receipt of radiotherapy Cancer Inst 1996;88:716-26.
was observed consistently only among after BCS are similar to those obtained (5) Mann BA, Samet JM, Hunt WC, Key CR,

Goodwin JM, Goodwin JS. Changing treat-
those residing 40 miles or more from a in a study of patients in New Mexico ment of breast cancer in New Mexico from
hospital with radiotherapy facilities. (20). Although that study did not find an 1969 through 1985. JAMA 1988;259:
However, distance did not account for association between receipt of BCS and 3413-7.

Journal of the National Cancer Institute, Vol. 93, No. 17, September 5, 2001 BRIEF COMMUNICATION 1345



(6) Nattinger AB, Hoffmann RG, Kneusel RT, (15) U.S. Gazetteer Place and ZIP Code Files. (23) Clark RM, Whelan T, Levine M, Robexts R,
Schapira MM. Relation between appropriate- Available from: http://ftp.census.gov/geo/ Willan A, McCulloch P, et al. Randomized
ness of primary therapy for early-stage breast www/gazetteer/places.html (accessed 7/16/01). clinical trial of breast irradiation following
carcinoma and increased use of breast- (16) Lat/Longit Distance Formula. In: Weisstein lumpectomy and axillary dissection for node-
conserving surgery. Lancet 2000;356:1148-53. EW, editor. Great circle. CRC concise ency- negative breast cancer: an update. Ontario

(7) Lazovich DA, White E, Thomas DB, Moe clopedia of mathematics. Boca Raton (FL): Clinical Oncology Group. J Natl Cancer Inst
RE. Underutilization of breast-conserving CRC Press; 1998. 1996;88:1659-64.
surgery and radiation therapy among women (17) Goodwin JS, Hunt WC, Samet JM. Determi- (24) Early Breast Cancer Trialists' Collaborative
with stage I or II breast cancer. JAMA 1991; nants of cancer therapy in elderly patients. Group. Effects of radiotherapy and surgery in
266:3433-8. Cancer 1993;72:594-601. early breast cancer. An overview of the ran-

(8) Treatment of early-stage breast cancer. NIH (18) Agresti A. An introduction to categorical domized trials. N Engl J Med 1995;333:
Consensus Statement, June 18-21, 1990, vol data analysis. New York (NY): John Wiley & 1444-55.
8. Bethesda (MD): National Institutes of Sons; 1996. p. 129. (25) Nattinger AB, McAuliffe TL, Schapira MM.
Health; 1990. p. 1-19. (19) Osteen RT, Steele GD Jr, Menck HR, Win- Generalizability of the surveillance, epidemi-

(9) Winchester DP, Cox JD. Standards for chester DP. Regional differences in surgical ology, and end results registry population:
breast-conservation treatment. CA Cancer J management of breast cancer. CA Cancer factors relevant to epidemiologic and health
Clin 1992;42:134-62. J Clin 1992;42:39-43. care research. J Clin Epidemiol 1997;50:

(10) Winchester DP, Cox JD. Standards for diag- (20) Athas WF, Adams-Cameron M, Hunt WC, 939-45.
nosis and management of invasive breast car- Amir-Fazli A, Key CR. Travel distance to
cinoma. American College of Radiology. radiation therapy and receipt of radiotherapy NOTES
American College of Surgeons. College following breast-conserving surgery. J Nat]
of American Pathologists. Society of Surgi- Cancer Inst 2000;92:269-71. 'Editor's note: SEER is a set of geographically
cal Oncology. CA Cancer J Clin 1998;48:83- (21) Fisher B, Anderson S, Redmond C, Wolmark defined, population-based, central cancer regis-
107. N, Wickerham DL, Cronin WM. Reanaly- tries in the United States, operated by local non-

(11) 1990 Summary Tape File 3B ZIP Codes/Block sis and results after 12 years of follow- profit organizations under contract to the National
Equivalency. Available from: http://www. up in a randomized clinical trial com- Cancer Institute (NCI). Registry data are submit-
census.gov/mp/www/tape/mstap09p.html paring total mastectomy with lumpectomy ted electronically without personal identifiers to
(accessed 7/16/01). with or without irradiation in the treatment the NCI on a biannual basis, and the NCI makes

(12) U.S. Bureau of the Census. 1990 census of breast cancer. N Engl J Med 1995;333: the data available to the public for scientific re-
lookup. Available from: http://venus.census. 1456-61. search.
gov/cdrom/lookup (accessed 10/18/00). (22) Liljegren G, Holmberg L, Adami HO, West-

(13) American Hospital Association. Hospital sta- man G, Graffman S, Bergh J. Sector resec- Supported by grant DAMD17-96-1-6262 from
tistics: 1990 ed. Chicago (IL): American tion with or without postoperative radio- the Department of the Army and by Career Devel-
Hospital Association; 1991. therapy for stage I breast cancer: five-year opment Award CCCDA-99-291-01 from the

(14) American Hospital Association. Hospital sta- results of a randomized trial. Uppsala-Orebro American Cancer Society.
tistics: 1997 ed. Chicago (IL): American Breast Cancer Study Group. J Natl Cancer Received January 31, 2001; revised June 27,
Hospital Association; 1998. Inst 1994;86:717-22. 2001; accepted July 6, 2001.

1346 BRIEF COMMUNICATION Journal of the National Cancer Institute, Vol. 93, No. 17, September 5, 2001



Running Head: Survival of Women with Breast Cancer

Article Type: Original Report

Title: Survival of Women After Breast Conserving Surgery for Early Stage Breast Cancer

Xianglin Du, MD, PhD,1 Jean L. Freeman, PhD,' Ann B. Nattinger, MD, MPH,2 and James S.

Goodwin, MD'

'Department of Internal Medicine, Department of Preventive Medicine and Community Health,

and Sealy Center on Aging, University of Texas Medical Branch, Galveston, Texas;

2Division of General Internal Medicine, Medical College of Wisconsin, Milwaukee, Wisconsin.

Address correspondence to: Dr. Xianglin Du, Assistant Professor, Department of Internal

Medicine, 3.134 Jennie Sealy Hospital, University of Texas Medical Branch, Galveston, TX

77555-0460. Tel: (409) 747 2333; Fax: (409) 772 8931; E-mail: xdu@utmb.edu

Word count: 3,102 words of text, excluding abstract (245 words), acknowledgements,

references, 3 tables and 1 figure.



Abstract (245 words)

Background. Increasing numbers of older women with breast cancer are receiving breast-

conserving surgery (BCS). However, substantial numbers of them are not receiving either

axillary dissection or adjuvant irradiation.

Objective. To determine whether failure to perform axillary dissection or irradiation is

associated with decreased survival in women with early-stage breast cancer.

Method. We studied 26,290 women aged Ž_25 in 1988-1993 from the Surveillance,

Epidemiology and End Results (SEER) data and 5,328 women aged Ž>65 in 1991-1993 from

SEER-Medicare linked data, who had early-stage breast cancer and received BCS.

Results. Twenty seven percent of women aged >25 receiving BCS did not receive axillary

dissection, most of whom (74%) were age _Ž65. Women receiving BCS with axillary dissection

had lower 7-year breast cancer-specific mortality than did those without dissection (hazard

ratio=0.53, 95% confidence interval: 0.44-0.63). We found an interaction between receipt of

axillary dissection and radiotherapy on survival of older women after BCS. Women who

received either axillary dissection or radiotherapy experienced similar survivals to those who

received both axillary dissection and radiation, while women who received neither treatment

experienced poorer survival (hazard ratio=1.76, 1.23-2.52), after controlling for demographics,

tumor size and comorbidity.

Conclusions. Women who receive neither axillary dissection nor radiation therapy after BCS

experience an increased risk of death from breast cancer. The lack of improvement in the past

two decades in survival of older women with breast cancer may be explained in part by the

increasing use of treatments that do not address potential tumor in axillary nodes.

Key words: axillary node dissection; breast cancer; breast-conserving surgery; survival.
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Introduction

Axillary node dissection is a component of modified radical mastectomy, and also is

commonly used in breast conserving surgery. There are two major rationales for axillary

dissection [1-3]. First, it physically removes potentially cancerous tissue in the axilla. Second, it

allows for adequate staging information as a guide to more appropriate therapy. It could be

argued that these two rationales are less compelling today than in the 1980's and before. For

example, radiotherapy to the axillary nodes would accomplish a similar goal to physical removal

of cancerous tissue [4]. Also, increased use of adjuvant chemotherapy in early stage breast

cancer means that the distinction between local and regional cancer may have less impact on

choice of therapy now than it did before.

The reasons outlined above have led some authorities to question the wisdom of routine

axillary dissection [5-8], and this is reflected in an increasing percentage of women with early

stage breast cancer who do not receive axillary dissection as part of initial treatment [1, 9-11].

On the other hand, there are serious concerns raised by the omission of axillary

dissection. It would appear that substantial numbers of older women who do not receive axillary

dissection also are not receiving radiation therapy or chemotherapy [1, 10-13]. Approximately

20-50% of women with early stage breast cancer will have positive axillary nodes found on

axillary dissection [1, 14-16]. In most women with axillary node metastases there is no indication

of metastases on clinical palpation of the axilla [14-20]. Even women with very small primary

tumors of 0.5 to 1.0 cm in size have a greater than 10% incidence of axillary node metastases [1,
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15-21 ]. It would appear that many of these women are receiving no therapy directed against the

axillary node tumor [1, 10-13, 15].

Therefore, we hypothesize that the failure to perform axillary dissection is associated

with decreased survival in women diagnosed with early stage breast cancer. To test this

hypothesis we examined the survival difference between older breast cancer patients receiving

axillary dissection and those without axillary dissection, and examined the role of radiation

therapy, chemotherapy and comorbidity. We used a data base in which information from the

Surveillance, Epidemiology and End Results (SEER) registry was linked to Medicare Part A and

B files [22-25]. This allows us to better consider factors such as adjuvant radiation therapy and

chemotherapy, as well as control for comorbidity, in survival analyses.

MATERIALS AND METHODS

Data Sources

We used two data sources: (1) the Surveillance, Epidemiology and End Results (SEER)

1973-96 Public Use Data Set, and (2) the merged SEER-Medicare database. The SEER program

supports population-based tumor registries in four metropolitan areas (San Francisco/Oakland,

Detroit, Atlanta, and Seattle) and five states (Connecticut, Iowa, New Mexico, Utah, and

Hawaii), covering approximately 10% of the U.S. population [26]. Since 1992 SEER registries

included 11 areas, accounting for about 14% of the U.S. population [26]. Information includes

tumor location, size and histologic type; demographic characteristics such as age, gender, race

and marital status; and types of treatment provided within four months after the date of diagnosis
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[27]. The SEER data set does not contain information on comorbidity, and information on

chemotherapy and radiation therapy is considered incomplete [22, 23, 25, 28].

The Medicare claims data used in the study included inpatient hospital claims; claims for

outpatient facility services, including ambulatory surgery; and claims for physicians' and other

medical services. Cases reported by the SEER registries from 1991 to 1996 have been matched

against the Medicare master enrollment file. The method of linking these data has been

described elsewhere [22]. This study was approved by the Institution's Review Board.

Study Population

Two study populations were analyzed separately. From the SEER Public Use Data Set,

26,290 female patients aged 25 and older women diagnosed with breast cancer between 1988

and 1993, who were diagnosed with early stage breast cancer, i.e. the American Joint Committee

on Cancer (AJCC) stages I or II, and who received breast-conserving surgery, were selected for

the analysis. Cases diagnosed before 1988 were not selected because information on tumor size

was only available after 1988. Since the last date of follow-up was December 31, 1996, it allows

the 3-year survival rate to be calculated in cases diagnosed in 1988-1993 and the 7-year survival

rate for 6,318 cases diagnosed in 1988-89.

The SEER-Medicare linked database was used to examine the use of radiation therapy

and chemotherapy and to determine comorbidity levels for cases diagnosed between 1991 and

1993. These years were studied because Medicare claims were available for all incident cases

diagnosed beginning in 1991. In the SEER-Medicare linked data, after excluding those without
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both Medicare Part A and Part B in the year of diagnosis, the study population were 14,089

women diagnosed with early stage (AJCC stage I or stage II) breast cancer at age 65 and older in

1991-1993. After excluding those who received mastectomy, or received no cancer directed

surgery, or had missing information on the months of diagnosis, 5,328 who received breast-

conserving surgery were included in the analysis.

Treatment and survival

Surgery and axillary dissection. In SEER, breast-conserving surgery (BCS) was defined as

segmental mastectomy, lumpectomy, quadrantectomy, tylectomy, wedge resection, nipple

resection, excisional biopsy, or partial mastectomy unspecified, with or without dissection of

axillary lymph nodes [27].

Radiation therapy. We have previously shown that combining data from SEER and Medicare

provided more complete information on radiation therapy [23]. As previously described, receipt

of radiation therapy was determined from SEER, supplemented by review of Medicare claims for

radiation therapy within 4 months after diagnosis.

Chemotherapy. Chemotherapy was ascertained from the Medicare data through procedure and

revenue center codes on at least one claim for chemotherapy made within 12 months after

diagnosis of breast cancer [25]. These codes included the ICD-9-CM procedure code of 9925 for

a hospital inpatient or outpatient facility claim of chemotherapy (injection or infusion of cancer

chemotherapeutic substance) [29], the Common Procedure Terminology codes of 96400-96549,

J9000-J9999, and Q0083-Q0085 for a physician or outpatient claim of chemotherapy
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administration [30, 31], and revenue center codes of 0331 (chemotherapy injected), 0332

(chemotherapy oral) and 0335 (chemotherapy intravenous) for an outpatient claim of

chemotherapy [32]. The ICD-9-CM V codes [29] of V58.1, V66.2, or V67.2 for follow-up

examination or care after chemotherapy was also used, that generated 3 additional cases in the

category of receiving chemotherapy within 12 months of diagnosis.

Comorbidity index. Comorbidity was ascertained from the Medicare data through ICD-9-CM

diagnoses or procedures on claims made 2 years prior to the diagnosis of breast cancer. We used

the comorbidity index created by Charlson [33] and later validated by Romano and colleagues

using the ICD-9-CM diagnosis and procedure codes [34]. Comorbidity scores were calculated

for each patient. Both the Medicare inpatient and outpatient claims were searched for comorbid

conditions, but not including breast cancer diagnosis codes (ICD-9-CM codes of 174x). Patients

who had no inpatient or outpatient Medicare claims during this period were coded as a separate

category.

Mortality and Survival Time. Breast cancer-specific death was defined similar to the method of

the Early Breast Cancer Trialists' Collaborative Group [4]: if patients died of breast cancer as an

underlying cause of death, or if patients with breast cancer died of unknown causes. Information

on months of survival from the date of diagnosis was provided in SEER. The last date of the

follow-up for this cohort was December 31, 1996. This would allow analyses on the 7-year

survival in women diagnosed with breast cancer in 1988-1989 from SEER Public Use Data, and

3-year survival among women diagnosed in 1991-1993 from the SEER-Medicare linked data.

7



Analysis

After patients who were lost to follow-up or died of other diseases were censored, a 7-year

Kaplan-Meier survival curve was produced using the LIFETEST procedure for women

diagnosed with breast cancer in 1988-1989 [35]. In a separate analysis, all deaths in the first four

years were censored and a survival curve from 4 to 7 years was constructed, in order to reduce

any effect of comorbidity which might be expected to differentially affect early deaths. The log

rank test was used to assess differences among the survival curves. In addition, the Cox

proportional hazard model was used in the survival analyses using the PHREG procedure

available in the SAS statistical package [35]. These analyses took into account possible

confounding factors such as age, race, marital status, cancer stage, tumor size, SEER area, and

comorbidity level. The analyses also adjusted for other breast cancer therapies such as adjuvant

radiation therapy and chemotherapy.

RESULTS

Table 1 presents the percentages of women receiving breast-conserving surgery (BCS)

with or without axillary dissection by patient and tumor characteristics. Overall, 27% of all

women with early stage breast cancer who underwent BCS did not receive axillary dissection as

part of initial surgical treatment. Older women, unmarried women and those with very small

(<0.5 cm) or very large tumors (>=4.0 cm) were less likely to receive axillary dissection.

Overall, 74% of women who received BCS without axillary dissection were aged 65 or older.

The data on the percentages receiving axillary dissection by stage are misleading, because the
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major means of distinguishing regional from local stage is by axillary dissection. Thus there is a

misclassification bias of underreporting regional stage tumor in women without axillary

dissection. Because of this, in the survival analyses we control for tumor size rather than stage.

Figure 1 presents Kaplan-Meier survival curves of the 7-year breast cancer specific

survival for women receiving BCS with or without axillary dissection. Survival was significantly

greater for women with axillary dissection as compared to those without axillary dissection

(P<0.0001). The hazard ratio for mortality at seven years was 0.53 (0.44-0.63) for women with

axillary dissection as compared with those without, after adjusting for age, marital status, race,

tumor size and SEER area. There was also a significant difference in the survival curves between

years 4 and 7 (P<0.0001) after deaths in the first 3 years were censored as a crude control for

comorbidity.

As discussed in the Introduction, axillary dissection may be less important if patients not

receiving axillary dissection receive adjuvant radiation therapy or chemotherapy. We

investigated this issue in women aged 65 and over diagnosed with early stage breast cancer

between 1991 and 1993 using the SEER-Medicare linked data, which provides information on

radiation therapy, chemotherapy, and comorbid conditions [22-25]. Table 2 presents the

percentage of women receiving radiation and chemotherapy as a function of receipt of axillary

node dissection. Only 38% women who underwent BCS without axillary dissection received

radiotherapy, compared to 86% of women who underwent BCS with axillary dissection. Very

few of these older women received chemotherapy after BCS. Women who underwent BCS with

axillary dissection were somewhat more likely to receive chemotherapy than women who
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underwent BCS without dissection (8.0% vs 3.1%). Use of radiotherapy did not vary greatly by

whether the axillary nodes were positive or negative or by estrogen receptor status, while use of

chemotherapy was greater in women with axillary node metastases or with estrogen receptor

negative tumors.

Table 3 presents the relationship between axillary dissection and receipt of radiation

therapy on mortality of women aged 65 and older with early stage breast cancer. Women

receiving neither axillary dissection nor radiotherapy were at a significantly higher risk for death,

compared to those who received both axillary dissection and radiation therapy. Women

receiving either radiation alone without axillary dissection, or axillary dissection without

radiation were not at significantly higher risk for death, after adjusting for tumor size, estrogen

receptor status, comorbidity scores, and other patient characteristics.

DISCUSSION

The findings of this study can be summarized as follows. First, substantial numbers of

older women receiving breast-conserving surgery do not receive axillary dissection. Second, of

those women not receiving axillary dissection, most also do not receive either adjuvant radiation

therapy or chemotherapy. In other words, they receive no therapy directed at occult cancer in the

axillary nodes. The percentage of older women who receive no therapy to their axillary nodes

has been steadily increasing over the past decade [1, 22, 36, 37]. Third, patients receiving breast-

conserving surgery without axillary dissection experience significantly worse survivals than

those who do, after controlling for other factors known to affect survival. Finally, there is an

interaction between receipt of axillary dissection and radiation therapy on survival, such that
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women who receive either axillary dissection or radiation therapy experience similar survivals to

those who receive both axillary dissection and radiation, while women who receive neither

treatment experience substantially poorer survivals.

In randomized controlled trials of women receiving breast-conserving surgery for early

stage breast cancer, axillary dissection has no impact on survival, while the present study and

another recent report9 found a strong effect of axillary dissection on survival in women treated in

the community. We will discuss several possible reasons for this difference.

First, in the randomized trials showing no survival advantage associated with axillary

node dissection, all other therapies (e.g., radiation, chemotherapy) were held constant. In actual

community practice, a major theoretical benefit of axillary dissection would be that the results

would influence choice of other treatments. At least one RCT has results that directly support

that interpretation. Cabanes and colleagues [38] randomized 658 patients with breast cancers < 3

cm in diameter to receive lumpectomy alone or lumpectomy plus axillary dissection. All

patients received radiotherapy to the breast and axilla, but choice of chemotherapy and tamoxifen

was left to the discretion of the treating physicians. Not surprisingly, the group receiving axillary

dissection had a much higher percentage of patients classified as regional stage; these patients in

turn were more likely to receive adjuvant therapies; and they experienced substantially lower

overall five year mortality (relative risk of death for the group not receiving axillary dissection =

2.4, P<0.01). A recent clinical trial, presented at the 2001 American Society of Clinical

Oncology meeting, showed that women aged 70 and older with clinical stage I and estrogen
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receptor positive breast cancers may not require routine axillary dissection, and excision and

tamoxifen alone is a reasonable alternative [39].

Second, follow-up of patients would be expected to be better in a randomized controlled

trial than in the community. Local or regional recurrence of disease would be picked up early,

and appropriate therapy initiated, thus minimizing the impact of axillary dissection on survival.

In the community, surveillance after initial treatment for breast cancer is sporadic. For example,

22% of women who underwent breast-conserving surgery without adjuvant radiotherapy did not

receive any mammography in the 2 years after initial treatment [40].

A third potential explanation for the discrepancy between randomized controlled trials

and population-based observational studies on the impact of axillary dissection on survival is

possible selection bias in the community; that is, women with underlying comorbidity might be

less likely to receive axillary dissection and also be at higher risk for death. However, it is

important to note that we were assessing only breast cancer-specific mortality, not total

mortality. In addition, controlling for underlying comorbidity did not appreciably affect the

increased breast cancer-specific mortality associated with axillary dissection. Finally,

eliminating all deaths in the first four years after diagnosis, as an additional control for

comorbidity, did not eliminate the impact of axillary dissection on breast cancer-specific

survival.

We found no difference in survival among those who received axillary dissection plus

radiation versus radiation therapy alone. This was unexpected, because those receiving axillary
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dissection would be more likely to be correctly staged and therefore more likely to receive

chemotherapy and other treatments (Table 2 and reference 21). One reason for this may be that

too few women received chemotherapy for there to be a noticeable effect on survival (Table 2).

We should point out the limitations of this study. First, there is no information on why

women did not have an axillary dissection. Second, information on chemotherapy from Medicare

has not been well validated externally, and its completeness is unknown. However, our study on

patterns of chemotherapy use would suggest that Medicare claims data are relatively complete

and accurate in identifying chemotherapy use [25]. In addition, as we previously demonstrated,

the fact that Medicare data demonstrates good validity in other aspects of breast cancer care

(radiation therapy and type of surgery) provides indirect support for the validity of information

for chemotherapy in Medicare [23, 24]. The information on radiation therapy from the combined

sources of SEER and Medicare would appear to be complete [23]. Third, there was no

information on the use of sentinel node biopsy in SEER, although this procedure may have

potential to be a replacement for routine axillary dissection. However, it has still not been

confirmed for routine use [41], and it was unlikely to have been widely used during the study

period.

Perhaps the major limitation of the study is that there was no information on whether the

patients were taking hormone therapy. Because hormone therapy have been shown to improve

survival from breast cancer [42], it is possible that women who underwent BCS without either

axillary dissection or irradiation were also less likely to be prescribed hormone therapy, which in

turn was responsible for the worse survival of these women. In other words, lack of axillary
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dissection and radiation therapy associated with BCS may be a marker for other less than

adequate care, such as hormone therapy. Recent studies by us support such a possibility. For

example, women with breast cancer who received breast-conserving surgery without radiation

were also less likely to receive chemotherapy than did women who received this surgery with

radiation [25, 43]. The clinical trails have documented that tamoxifen therapy provides

substantial survival benefit [42]. In unpublished analyses of women with breast cancer in the

New Mexico Tumor Registry, we found that patients receiving breast-conserving surgery

without radiation were also less likely to receive hormone therapy (data not shown). Whether the

decreased survival of women who received breast-conserving surgery without treatment of the

axillary nodes would be completely eliminated by tamoxifen treatment cannot be answered at

this time.

In conclusion, a substantial number of older women with early stage breast cancer in the

United States receive BCS without axillary dissection, and most of those women also do not

receive adjuvant radiation. This combination of no axillary dissection plus no radiation after

BCS is associated with an increased risk of deaths from breast cancer. Breast cancer survival has

improved steadily over the past 25 years, except for older women [44, 45]. The lack of

improvement in the past two decades in survival of older women may be explained in part by the

increasing numbers of older women who receive treatments that do not address potential tumor

in the axillary nodes [1, 9].
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Table 1. Receipt of axillary dissection by women with breast cancer who
received breast conserving surgery (BCS) between 1988 and 1993 in 9 SEER
areas, by patient and tumor characteristics

Patient and Number (%) of Number (%) of
tumor women receiving women receiving Total
characteristics BCS* without BCS* with axillary

axillary dissection dissection
Age (years)

25-54 931 (10.2) 8173(89.8) 9104

55-64 835 (15.2) 4674 (84.8) 5509

65-74 1604 (26.0) 4573 (74.0) 6177

75+ 3421 (62.2) 2079 (37.8) 5500

Race

White 6021 (26.0) 17145 (74.0) 23166

Black 463 (26.1) 1313 (73.9) 1776

Other 252 (20.9) 955 (79.1) 1207

Unknown 55 (39.0) 86(61.0) 141

Marital status

Married 2588 (17.4) 12276 (82.6) 14864

Unmarried 3866 (36.0) 6876 (64.0) 10742

Unknown 337 (49.3) 347 (50.7) 684

Cancer stage

Stage I 5143 (28.7) 12750 (71.3) 17893

Stage IIA 1442 (22.4) 4998 (77.6) 6440

Stage JIB 190 (10.8) 1564 (89.2) 1754

Stage II,NOS t 16 (7.9) 187 (92.1) 203

Tumor size (cm)

<0.5 472 (38.9) 743 (61.1) 1225

0.5-<1.0 1294 (25.0) 3883 (75.0) 5177

1.0-<2.0 2857 (23.9) 9089 (76.1) 11946

2.0-<3.0 1362 (25.2) 4053 (74.8) 5415

3.0-<4.0 466 (30.4) 1066 (69.6) 1532

4.0+ 324 (40.4) 478 (59.6) 802

Unknown size 16 (7.9) 187 (92.1) 203

Total 6791 (25.8) 19499 (74.2) 26290

* BCS denotes breast-conserving surgery.

t NOS - not specified.
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Table 2. Receipt of radiation therapy and chemotherapy in women aged 65 and older who
underwent breast conserving surgery in 1991 through 1993, with or without axillary node
dissection*

Surgical treatment Number Percent of women Percent of women
categories of patients receiving radiation receiving

therapy f chemotherapy +
breast conserving surgery
without axillary dissection 2215 38.5 3.1

ER § positive 1439 39.0 2.0
ER negative 197 44.2 6.1
ER unknown 579 35.4 1.9

Breast conserving surgery
with axillary dissection 3113 85.9 8.0

Node positive, and 368 85.3 13.6
ER § positive

Node positive, and 72 79.2 34.7
ER negative

Node positive, and 87 81.6 16.1
ER unknown

Node negative, and 1680 88.0 1.8
ER positive

Node negative, and 306 86.6 9.8
ER negative

Node negative, and 534 83.5 2.1
ER unknown

Node not examined 66 62.1 4.6

* For women with early stage (local or regional) breast cancer diagnosed between 1991 and 1993 from
the SEER-Medicare linked database.
t Radiation therapy was defined if SEER data indicated so or if there were Medicare claims for radiation
therapy within 4 months after diagnosis of breast cancer.
+ Chemotherapy was defined if patients had at least one Medicare claim for chemotherapy within 12
months after diagnosis.
§ ER denotes estrogen receptor status.
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Table 3. Interaction between receipt of axillary dissection and radiation
therapy on breast cancer survival in women aged 65 and older with early
stage breast cancer, 1991-1993

Variables Number of Hazard ratio for 3-year
patients breast cancer specific
(n=5328) mortality (95% CI) t

Patients receiving BCS, by
receipt of axillary dissection
(Ax) and radiation (XRT)*

No Ax + no XRT 1362 1.80 (1.26-2.58)

No Ax + XRT 853 1.13 (0.74-1.73)

Ax + no XRT 440 1.01 (0.59-1.71)

Ax + XRT 2673 1.00

Other key risk factors in the
model
Age (years)

65-69 1287 1.00

70-74 1415 1.04 (0.69-1.56)

75-79 1189 1.04 (0.68-1.60)

80+ 1437 1.21 (0.79-1.86)

Tumor size (cm)

<0.5 264 1.00

0.5-<1.0 1252 1.17 (0.44-3.10)

1.0-<2.0 2419 2.21 (0.89-5.5 1)

2.0-<3.0 968 3.51 (1.39-8.86)

3.0-<4.0 255 6.99 (2.69-18.17)

4.0+ 138 5.84 (2.11-16.19)

Unknown size 32 6.60 (1.54-28.28)

Comorbidity index scores :
No Medicare claims 344 0.86 (0.46-1.60)

0 3616 1.00

1 637 1.55 (1.07-2.24)

2 323 1.77 (1.11-2.81)

3+ 408 1.95 (1.30-2.91)

* BCS (breast-conserving surgery), No Ax (no axillary dissection); no XRT (no radiation therapy); Ax (axillary

dissection); XRT (radiation therapy).
t Hazard ratios (95% confidence interval), adjusted for the variables listed in the table and also adjusted for marital
status (married, unmarried and unknown), race (white, black, and other), 9 SEER areas, and estrogen receptor status
(positive, negative, unknown).
+ Comorbidity was assessed by a validated algorithm33

,
34 using Medicare claims.
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Legend for Figure 1.

Figure 1. Kaplan-Meier breast cancer specific survival curve for women with early stage

breast cancer, stratified by breast-conserving surgery (BCS) with and without axillary

dissection.

The 7-year breast cancer specific survival curves are shown for women diagnosed with breast

cancer diagnosed in 1988-1989. The log rank test for survival curves between BCS without

axillary dissection and BCS with axillary dissection was statistically significant for two groups

(P<0.0001). Data are for all women aged 25 and older diagnosed with early stage breast cancer

in one of the 9 SEER areas in 1988 and 1989 (n=6,318), and followed though 1996 from SEER

Public Use Data Set.
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ABSTRACT

Background. Use of breast-conserving treatment (BCT) has previously demonstrated

variability by socio-demographic factors.

Objective. To determine whether variation in use of BCT by age, race, county income,

county education, and population density declined between 1983 and 1996.

Design. Trends in use of BCT over time were modeled with logistic regression.

Settina. Surveillance, Epidemiology, and End Results national tumor registry data.

Patients. Population-based cohort of 158,496 women with local or regional stage breast

cancer.

Main Outcome Measure. Receipt of BCT.

Results. Use of BCT increased overall, and among all subgroups of age, county income,

county education, population density, and race. There was no decline in age-related

variation in use of BCT over time. However, older women were less likely to undergo

BCT including radiotherapy (RT) and lymph node dissection (LND), and were more

likely to undergo BCT omitting RT and/or LND. Variation in use of BCT by county

income persisted, with women residing in poorer counties less likely to undergo BCT,

whether or not accompanied by RT and LND. Variation in overall use of BCT by county

education also persisted. While women residing in better-educated counties were more

likely to undergo BCT accompanied by RT and LND, they were not more likely to

undergo BCT omitting RT and/or LND. No decline in variation by population density

occurred, with women residing in urban areas more likely to use BCT whether or not

accompanied by RT and LND.
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Conclusions. Socio-demographic differences in BCT use have persisted over time. The

increased overall adoption of BCT has not led to consistency in use of this treatment.

Key Words: breast neoplasms; mastectomy, segmental; SEER program; health services

research
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INTRODUCTION

Although randomized clinical trials are generally regarded as the highest level of

evidence guiding clinical care, 1 studies have shown substantial lag time before the

results of such trials are incorporated into clinical practice. 2-5 In the case of breast-

conserving surgery (BCS) as therapy for early stage breast cancer, the first U.S.

randomized trial showing equal 5-year survival with BCS and mastectomy was published

in 1985. 6 Although the use of BCS rose moderately from 1983 to 1985, the use of BCS

was virtually unchanged over the first several years after the 1985 randomized trial

publication 4, 7-9 and did not rise further until afterl990. This was the year of an NIH

consensus conference which recommended BCS as "preferable" for the majority of

women with early stage breast cancer. 10

BCS has been characterized by variation in level of use by patient demographic

factors. Specifically, greater use of BCS has been found in more urban areas compared to

rural areas 55 9, 11, in patients residing in the northeastern U.S. compared to those

residing in central and southern states 5, 12 and among women of higher socioeconomic

status compared to women of lower socioeconomic status 13. There have been

conflicting results with respect to use of BCS by age, with some investigators finding

greater use among older women, 11, 14 and others finding greater use among younger

women. 4, 15-17

In addition to the variation in use of BCS, it has not been uniformly accompanied

by axillary lymph node dissection (LND) and radiotherapy (RT) as was recommended in
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the 1990 NIH consensus statement. 10 In fact, omissions of both axillary LND and RT

have been documented 18. Omission of these aspects of complete breast conserving

treatment (complete BCT defined as BCS accompanied by axillary LND and RT) has

also been subject to variation. 19-23 For example, older patients or those with substantial

co-morbidity have been less likely to undergo complete BCT, while younger, healthier

patients have been more likely to undergo complete BCT 22, 23

The purpose of this study was to examine the variation of demographic predictors

of BCT during the years preceding and following the 1990 NIH Consensus Conference.

One would expect some variation in the use of a new therapy shortly after its introduction

to clinical care. However, we hypothesized that the variation in use of BCT by age,

socioeconomic status, and urban vs. rural residence would have declined over time,

particularly after the 1990 NIH conference.
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METHODS

Databases

SEER National Tumor Registry Files. The National Cancer Institute's SEER

program consists of a group of population-based tumor registries, each of which provides

data to the national program. The nine sites analyzed in this study include five whole

states (CT, HI, IA, NM, UT), and four metropolitan areas (Atlanta, Detroit, San

Francisco-Oakland, and Seattle-Puget Sound). 24

The SEER registries function according to a standardized set of procedures.

Incident cancers in persons residing within the coverage areas are determined from

hospitals, offices, and some freestanding centers. For each subject with an incident breast

cancer, information is abstracted regarding demographics, stage of disease, and initial

therapy administered or planned within 4 months.

United States Census Data. We used the U.S. 1990 Census files to provide

estimates of socioeconomic data for patients in the study cohort. 25 For each patient, we

determined the mean per capita income, percentage of the population that had completed

high school, and size of the metropolitan statistical area for the county in which the

patient resided at the time of diagnosis. Use of census data is a validated method for

estimating socioeconomic status when individual level data is not available. 25, 26

County-level data was used since SEER does not release census tract or zip code

information.

Study Subjects

A cohort of 158,496 women was selected from 238,005 women diagnosed with

breast cancer between 1983 and 1996. Women were excluded for the following reasons:
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the cancer was in situ (n=28,005), distant (n=12,393), or unstaged (8,932); breast cancer

was not the patient's first cancer (n=25,294); there was no microscopic confirmation of

disease (n=3,573); the patient did not receive either a mastectomy or BCS (n=1,902); the

age at diagnosis was less than 30 (n=1,368); or breast cancer was bilateral (n=220). Some

women were in more than one exclusion category. We excluded women with carcinoma

in situ because the effectiveness of BCS for this condition did not become established

until much later than for invasive breast cancer, which would have lead to different

historic patterns of use. 27, 28

Women were considered to have received BCS if they underwent segmental

mastectomy, lumpectomy, quadrantectomy, tylectomy, wedge resection, excisional

biopsy, or partial mastectomy. All other women underwent mastectomy treatment.

Women underwent complete BCT if they underwent BCS plus LND and RT; they

underwent incomplete BCT if they underwent BCS omitting LND or RT, or both. Total

BCT refers to the sum of complete and incomplete BCT. The size of the metropolitan

statistical area (MSA) of the county of residence of the patient was categorized as less

than or equal to 100,000 persons (rural), or greater than 100,000 persons (urban). The per

capita income (PCI) of the county of residence of the patient based on 1990 census data

was categorized into quartiles (<$13,017; $13,017-17,114; $17,115-18,982; >$18,983).

Educational status was based on the percent of high school graduates among adults

residing in the county of residence of the patient, categorized as <80% graduates, 80-85%

graduates and >85% graduates.

Age at diagnosis was categorized as 30-49, 50-64, 65-79, and 80 and older. Of the

158,496 patients, 24.3% were aged 30-49, 31.8% were 50-64 years, 33.6% were 65-79
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years, and 10.4% were 80 and older. Race was categorized as white-non-Hispanic, black-

non-Hispanic, Hispanic, and other or unknown. Eighty-four percent were white-non-

Hispanic, 7.2% were black-non-Hispanic, 3.1% were Hispanic, and 5.9%were other or

unknown. Stage was categorized as local or regional based on the SEER historic stage.

Approximately 66% had local stage disease and 34% had regional disease at presentation.

(The more precise AJCC staging was not available in SEER until 1988.)

Statistical Analysis

BCT use for each of the variables used in the model (age, race, stage of disease,

income, education, MSA, and SEER site) was calculated for each quarter based on month

and year of breast cancer diagnosis. Trends in treatment over time were modeled with

polytomous logistic regression incorporating a linear spline function. 29 The model was

built in two steps. The first step modeled the trends in use over time with linear

regression. Time was decomposed into 5 distinct linear segments: 1) an "early" phase

from 1983-84, 2) a 6-month period of rapid "rise" in BCT use during the first 2 quarters

of 1985, 3) a period of "stable" use from the 3 rd quarter of 1985 through the 4 th quarter of

1989, 4) a 6-month period of decline, or "dip," in BCT use within the stable period

previously shown to be attributable to a celebrity role model, 8 and 5) a "late" phase

gradual increase beginning in the I" quarter of 1990 and continuing through 1996. Each

segment was described by a linear regression equation.

The second step involved polytomous logistic regression to simultaneously

predict the probability of receipt of 1) complete BCT, 2) incomplete BCT and 3)

mastectomy for each woman in the cohort. The model included terms for the time trend
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described by the five linear segments (early, rise, stable, dip, late) as well as the

covariates (age, race, stage of disease, income, education, MSA, SEER site). The results

of the model were plotted and p-values determined separately for each subgroup of a

given socio-demographic factor, e.g., age categories, quartiles of income. The Hosmer-

Lemeshow test 30 was performed to assess goodness-of-fit.

Two aspects of variation were assessed for each determinant of BCT use. First,

the spread was calculated as the difference between the adjusted means of the highest and

lowest use subgroup between 1983 and 1996. Wald Z-tests 30 were performed to

determine significant differences in the change in spread. Second, the slopes of the curve

for each subgroup were compared for the late phase (1990-1996). Tukey's HSD

(Honestly Significant Difference) 30 was used for multiple comparison adjustment of the

individual p-value. The overall p-value was set to 0.05.
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RESULTS

Chanee in Use of BCT by Age

Figure 1 shows by age group the percentage of the total cohort (mastectomy and

BCT) that underwent total BCT, complete BCT, and incomplete BCT during each

calendar quarter from 1983 through 1996. An increase in total, complete, and incomplete

BCT use occurred among all age groups. We had hypothesized that the variation in use

by age group would decrease over time. However, this was not seen. For total BCT, the

spread between the highest and lowest use age groups did not change significantly

between 1983 and 1996 (p = 0.055) (Figure 1, bottom). The results for complete BCT

and incomplete BCT use help to explain the pattern of use seen for total BCT. For

complete BCT, the oldest age group was the lowest use group throughout the time period

studied (Figure 1, top) and the spread between the highest and the lowest use group

increased significantly between 1983 and 1996 (p < 0.001). With respect to slope, or rate

of change in complete BCT use, women aged 30-49 had a significantly smaller slope than

women in the other age groups (p < 0.001) suggesting a possible increase in variation in

use of complete BCT in the near future. For incomplete BCT, the oldest age group was

the highest use group throughout the time period studied (Figure 1, middle) and the

spread between the highest and lowest use groups increased significantly between 1983

and 1996 (p < 0.001). The slope for women in the oldest age group was significantly less

than the slopes of the other three groups suggesting a possible decrease in variation of use

of incomplete BCT in the near future.

10



Change in Use of BCS by County Per Capita Income

An increase in use occurred in every quartile of income for total BCT as well as

for complete BCT and incomplete BCT. Similar to previous reports, we found a direct

relationship between residence in a wealthier county and increased total use of BCT

(Figure 2, bottom). Interestingly, this relationship was true for both complete BCT

(Figure 2, top) and incomplete BCT (Figure 2, middle); that is, women residing in the

wealthiest counties were more likely to receive complete BCT and they were more likely

to receive incomplete BCT. A significant increase in spread occurred between 1983 and

1996 for total BCT (p < 0.00 1), complete BCT (p < 0.001), and incomplete BCT (p <

0.001). For complete BCT, the slope of the highest quartile of income was significantly

greater than that of the middle two quartiles (p = 0.006), and approaching significance

compared to the lowest quartile (p = 0.046), suggesting an increase in variation in use of

complete BCT in the near future. For incomplete BCT, the slope of the lowest quartile of

income was significantly less than that of the other three quartiles (p = 0.0012),

suggesting an increase in variation in incomplete BCT in the immediate future.

Change in Use of BCS by County Education

Total use of BCT increased substantially with increasing educational status

(Figure 3, bottom). Women residing in the least educated areas had the lowest use of

BCT throughout the period of study. Counter to our hypothesis, there was no significant

change in the spread between the highest and lowest categories of county educational

status froml983 to 1996. The results for complete BCT show a persistent direct

relationship between better county educational status and greater use of BCT (Figure 3,

top). The spread between the highest and lowest use groups did not change significantly
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from 1983 to 1996. However, the slope of the highest educational group is significantly

less than that of the other two groups (p < 0.001) suggesting a decrease in the variation in

use of complete BCT in the near future. In contrast to the pattern of use for incomplete

BCT seen for PCI, there was no direct relationship between higher educational status and

receipt of incomplete BCT (Figure 3, middle). The slopes of the 3 educational groups

were not significantly different from one another, suggesting no immediate change in use

of incomplete BCT.

Change in Use of BCS by Population Density

An increase in overall use of BCT (Figure 4, bottom) was seen for both urban and

rural areas, which remained true for both complete (Figure 4, top) and incomplete BCT

(Figure 4, middle). The spread between urban and rural use groups did not change

significantly between 1983 and 1996 for total, complete, or incomplete BCT. For

complete BCT, the slope for the rural group was significantly greater than the slope for

the urban group (p = 0.001) suggesting a possible decrease in variation between the two

groups in the near future. In contrast, for incomplete BCT, the slope for the rural group

was significantly less than the slope for the urban group (p = 0.001), suggesting a future

increase in variation between the two groups for incomplete BCT.

Change in Use of BCS by Race

Use of total BCT went up in all racial groups, and this increase was seen in both

complete BCT and incomplete BCT (data not shown). Similar to previously published

work 13, when controlling for county income and education we found no consistent

variation in use by racial subgroups, and no change in spread over time.

12



DISCUSSION

In this paper, we show that the use of BCT has increased over time among all

subgroups of age, county-level income, county-level education, population density, and

race. However, we did not find the expected decreased variation in use of BCT by 1996.

For all the factors studied, the spread between the highest and lowest use groups over

time either remained the same or increased. Patterns of use varied by complete and

incomplete BCT. This was especially striking for age for which women in the oldest age

group had the lowest use of complete BCT and the highest use of incomplete BCT. The

differential use in the adoption of BCT based on county-level socioeconomic status and

population density persisted over the entire 14-year period of observation. Patterns of use

for complete and incomplete BCT were similar for county-level income with women

residing in higher income areas being more likely to receive both complete and

incomplete BCT. Patterns of use for complete and incomplete BCT were different for

county-level education. Women residing in the better-educated counties were more likely

to receive complete BCT while educational status was not a determinant for receipt of

incomplete BCT.

The changing pattern of relative use of total BCT by age, and the striking

differences in use of complete and incomplete BCT by the oldest age group, may explain

disagreement among previous authors regarding use of BCT by age. Some previous

studies have shown higher BCT use among older women 11, 14, 19 and some have

shown lower use.4 , 15-17 In two studies which found that women aged 80 and older had

greater use of BCT, the time period analyzed was 1983-1986, 11, 14 a time during which

the current study also finds high use of total BCT among women aged 80 and older. By
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about 1986, the use of total BCT among women under 50 years exceeded the use by

women aged 80 and older, explaining the fact that studies of years after 1985 found lower

use among women aged 80 and older. 4, 15-17 The breakdown into use of complete and

incomplete BCT helps explain the overall pattern of use. In future studies of BCT use by

age, it will be important for investigators to consider the changing use of BCT by age

over time, and specify whether analysis was for total, complete, or incomplete BCT.

The persistent differences in use of BCT by county-level socioeconomic status are

particularly compelling. Early in the diffusion of a new treatment, physician factors such

as knowledge of the treatment options can be assumed to play a critical role in the

variation in use. However, the persistently higher use of BCT among women of higher

socioeconomic status over time suggests other factors at play. Factors contributing to

lower rates of BCT have been examined by many authors and include societal factors

such as organization of the medical community, 20, 21 as well as physician- and patient-

level factors. Patient factors include access to radiation therapy facilities, 3 1 economic

problems and "different life concepts" 32 and body image. 22

Whether variation in BCT use by different groups is acceptable as a matter of

social policy will depends to a large degree whether the differences in use are motivated

by patient preferences or forces external to the patient. The literature of technology

diffusion has established that early adopters of new technology have more years of

formal education, superior ability to deal with abstractions, and greater financial

capability than later adopters 33 consistent with our findings of greater use of complete

BCT among women residing in wealthier and better educated areas. The final level of
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diffusion in a community of potential adopters is not necessarily 100% but depends on

assessment of costs and benefits in relation to patients' circumstances and values.

In the case of complete BCT for early stage breast cancer, better-educated women

may be more likely to be aware of and seek out treatment options even if not initially

offered by their physician. Better-educated women may be more willing to accept the

rather abstract notion that an irradiated cancer is just as "gone" as a cancer that has been

surgically removed. Higher income patients may be able to absorb costs and risks of

implementation of breast conserving treatment, from the more immediate logistical

problems associated with transportation to and from radiation therapy and the time off

from work required to attend radiation sessions, to the more remote increased chances of

cancer recurrence. Persistent lesser use of complete BCT by women residing in less

educated and less wealthy areas may be a reflection of women opting for a treatment that

requires the least time away from work or the least time away from daily tasks and

obligations. A substantial effort has been made toward studying the decision making

process of women regarding treatment for early stage breast cancer, and toward

developing educational tools which incorporate patient preferences into the decision. 34-

37 Benefits of such efforts will be to improve patient satisfaction with their decision. The

fact that use of incomplete BCT was higher among women from higher income areas but

that this pattern of use was not seen for women from higher education areas suggests that

these factors are measuring distinct characteristics in the population. Further research into

patient decision making at the patient level is needed to better understand the treatment

patterns for complete and incomplete BCT.
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Our findings on population density confirm previous studies that have found an

association between decreased use of BCT and rural residence. 5, 11 Other studies have

found an association between greater use of BCT and large hospital size 7, 38 and also

the presence of radiation facilities, 4 , 5, 7, 17 both of which are also related to urban

location of the hospital. However, we have previously found that distance from a

radiation therapy facility site did not entirely explain the lesser use of BCT among rural

women. 39 The fact that the differential use of BCT by population density has increased

over time supports the view that the urban-rural discrepancy in use of BCT is more likely

attributable to access issues or differences in patient preference than to lack of knowledge

about the newer therapy.

A limitation of our study is that the population residing within the SEER areas is

more affluent and more urban than the remainder of the United States. 40 However, given

that rates of breast conserving treatment are higher in more affluent and urban women,

we would anticipate an even greater discrepancy between groups if we could study the

general population. Our measures of socioeconomic status are ecologic, and based on

county level data. The national SEER database does not include census tract or zip code

information that would allow a more accurate estimate of income and educational status.

However, any resulting misclassification should be non-differential, which would make it

harder to detect differences between subgroups. This makes our positive findings all that

much more significant.

Conclusion

Our analysis confirms that socio-demographic differences in BCT use have

persisted for more than 10 years after the publication of the first U.S. randomized trial of
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this therapy. The fact that these differences have persisted for so long suggests that they

are not due simply to lack of physician knowledge about treatment options for early stage

breast cancer but are due to enduring factors such as organization of the medical

community and patient preferences. To the extent that the differences in use represent

differential access to care, programs to improve access need to be developed. Likewise,

the use of incomplete BCT in any group is in conflict with the NIH Consensus

Statement 10 and raises quality of care concerns. However, inasmuch as differences are a

reflection of patients choosing between two equally effective treatments based on their

own life circumstances, differences may be acceptable. Just as the optimal rate for BCT

use is not necessarily 100%, the optimal rate may vary by age, income, education and

location of the patient, as well as other variables not evaluated in this study. In the case of

treatment for early stage breast cancer, it is even conceivable that practice variation is a

marker of success in terms of physicians listening to patients and incorporating their

beliefs and values into treatment decisions. Further research at the level of the patient

needs to be performed to further explore the reasons for variation in treatments.
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Legend

Figure 1

Use of breast-conserving treatment (BCT) for early stage breast cancer by subgroups of

age, over the time period 1983-1996. Figures shown are for complete BCT (top),

incomplete BCT (middle), and total BCT (bottom). Plotted points are based on a logistic

regression model that simultaneously adjusts for age, race, county-level income, county-

level education, population density and SEER site.
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Legend

Figure 2

Use of complete (top), incomplete (middle), and total (bottom) BCT for early stage breast

cancer by per capita income of the county in which each woman lived at the time of

breast cancer diagnosis, 1983-1996, based on a logistic regression model simultaneously

adjusting for age, stage, race, county-level education, population density and SEER site.
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Legend

Figure 3

Use of complete (top), incomplete (middle), and total (bottom) BCT for early stage breast

cancer by educational status of the county in which each woman lived at the time of

breast cancer diagnosis, 1983-1996, based on a logistic regression model simultaneously

adjusting for age, stage, race, county-level income, population density, and SEER site.
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Legend

Figure 4

Use of complete (top), incomplete (middle) , and total (bottom) BCT for early stage

breast cancer by population density, 1983-1996, based on a logistic regression model

simultaneously adjusting for age, stage, race, county-level income, county-level

education, and SEER site.
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Accuracy and Completeness of Medicare Claims Data for
Surgical Treatment of Breast Cancer
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ANN B. NATI-INGER, MD, MPHA DONG ZHANG, PHD,§ AND JAMES S. GOODWIN, MD*

BACKGROUND. Although a number of studies conserving surgery, 91% of cases were con-
have used Medicare claims data to study firmed by SEER. The Medicare physician ser-
trends and variations in breast cancer treat- vices claims and inpatient claims were
ment, the accuracy and completeness of infor- approximately equal in accuracy on type of
mation on surgical treatment for breast cancer surgery. The Medicare outpatient claims were
in the Medicare data have not been validated, less accurate for breast-conserving surgery. In

OBjEcrrvEs. This study assessed the accuracy terms of completeness, when the 3 claims
and completeness of Medicare claims data for sources were combined, 94% of patients receiv-
breast cancer surgery to determine whether ing breast cancer surgery according to SEER
Medicare claims can serve as a source of data to were identified by Medicare.
augment information collected by cancer reg- CONCLUSIONS. The combined Medicare claims
istries. database, which includes the inpatient, outpa-

MFM-ODS. We used the Surveillance, Epide- tient, and physician service claims, provides
miology and End Results (SEER) Cancer Reg- valid information on surgical treatment among
istry-Medicare data and compared Medicare women known to have breast cancer. The claims
claims on surgery with the surgery recorded by are a rich source of data to augment the informa-
the SEER registries for 23,709 women diag- tion collected by tumor registries and provide
nosed with breast cancer at a65 years of age information that can be used to follow long-term
from 1991 through 1993. outcomes of Medicare beneficiaries.

RESULTS. More than 95% of women having Key words: breast cancer; mastectomy; breast
mastectomies according to the Medicare data conserving surgery; SEER; Medicare. (Med Care
were confirmed by SEER. For breast- 2000;38:719 -727)

Administrative databases have been increasingly cancer,4- 7 to examine treatment patterns for breast
utilized in studies of health care outcomes over the cancer,8,9 and to study clinical surveillance of breast
past decade.'- 8 For example, Medicare claims data cancer, such as postoperative use of radiotherapy.10,11
have been used to estimate the incidence of breast Although Medicare claims data have been found to
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be useful for research, there are some concerns, for this analysis. The SEER program, supported by
including the accuracy of the diagnostic and proce- the National Cancer Institute, includes
dure coding&-6" 2 demographic coding errors,2." in- population-based tumor registries in selected geo-
complete coverage of all Medicare beneficiaries,"' 2  graphic areas. In 1992, these areas included the
and completeness of the claims.2,1"' 3 Recently, Coo- metropolitan areas of San Francisco-Oakland, De-
per and colleagues14 found that the sensitivity of troit, Atlanta, and Seattle; Los Angeles County; the
Medicare data for detection of breast cancer was San Jose-Monterey area; and the states of Con-
reasonably high, especially if Medicare parts A and B necticut, Iowa, New Mexico, Utah, and Hawaii. 22

are combined and surgical procedure codes were These areas cover -14% of the US population.21
used. On the other hand, Warren et a17,15 determined The registries ascertain all newly diagnosed (inci-
that the diagnostic codes from Medicare hospital dent) breast cancer cases from multiple reporting
claims had high predictive value for breast cancer sources, such as hospitals, outpatient clinics, lab-
incidence but that the diagnoses from the physician oratories, private medical practitioners, nursing/
claims had low predictive value. Medicare data also convalescent homes/hospices, autopsy reports,
have limited utility for measuring cancer stage.16  and death certificates."3,2",23 Information includes

The accuracy and completeness of information tumor location, size, and histological type; such
on surgical treatment for breast cancer in Medicare demographic characteristics as age, gender, race,
data, however, have not been validated, even and marital status; and types of treatment pro-
though a number of studies have used Medicare vided within 4 months of the date of diagnosis.22
claims data to study trends and variations in breast In the case of surgery, SEER records the most
cancer treatment.8-"", 7 Although the coding and invasive surgery.
completeness of mastectomies in the inpatient The Medicare program is administered by the
claims appear to be very good,12'2 8 the accuracy Health Care Financing Administration (HCFA). It
and completeness of information on breast- covers hospital, physician, and other medical ser-
conserving surgery (BCS) are not known. In par- vices for >97% of persons ->65 years of age.13,23
ticular, the increasing use of BCS8,19 and the shift The Medicare claims data used in the study in-
to more outpatient treatment20 have raised ques- cluded the following 3 files: (1) Medicare Provider
tions about the completeness and accuracy of Analysis and Review File, which contains inpatient
claims for surgery performed outside the hospital. hospital claims; (2) the Hospital Outpatient Stan-

This study was conducted to assess the accuracy dard Analytic File, which contains the claims for
and completeness of Medicare data for breast outpatient facility services; and (3) the 100% Phy-
cancer surgery through the use of all available sician/Supplier File, which contains the claims for
Medicare claims sources: hospital inpatient, hos- physicians' and other medical services. These data
pital outpatient, and physician services data. Of were available for all beneficiaries starting in 1991.
interest is the extent to which the claims provide Therefore, we used all cases diagnosed between
information on breast cancer-related surgery in January 1, 1991, and December 31, 1993.
the first course of therapy and whether the type of Cases reported by the SEER registries from 1973
surgery is confirmed by an external source of data. to 1993 have been matched against Medicare's
The overall goal is to determine, with the use of a master enrollment file. Of persons -65 of age
cohort of women reported by cancer registries as appearing in the SEER records, Medicare eligibility
having breast cancer, whether Medicare claims can could be identified for 94%. The method of linking
serve as a source of data to augment information these data has been described elsewhere.'3,20 For
collected by cancer registries and be used to SEER cases found to be Medicare eligible, their
describe surgical treatment patterns in older claims are available through 1994.
women with breast cancer.

Study Population
Methods

The study population consisted of all female
Data Sources patients diagnosed with breast cancer at 2!65 years

of age between 1991 and 1993. Excluded were
We used the merged Surveillance, Epidemiol- women who did not have full coverage of both

ogy and End Results (SEER)-Medicare database Medicare parts A and B or who were members of
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HiMOs in the year of diagnosis because claims to 1994 for surgery that were made within 4
from these organizations may not be included in months (122 days) of the date of diagnosis. Be-
the HCFA databases. Also excluded were 61 pa- cause SEER reported only the month and year of
tients whose month of diagnosis was unknown diagnosis, we therefore arbitrarily defined the day
and 126 patients with no information from SEER of diagnosis in SEER as the 15th of the month.
on surgical treatment. This left 23,709 patients for Date of surgery was determined from the claims
analysis (8,022 in 1991, 8,056 in 1992, and 7,631 in source that first identified the type of surgery
1993). (mastectomy or BCS). For inpatient claims, it was

defined as the date of admission. For outpatient
and physician claims, it was defined as the earliest

Variable Definitions date of service.
Patient and tumor characteristics, such as age,

Breast Cancer-Directed Surgery In SEER, race, tumor stage, and geographic areas, are avail-
BCS was defined as segmental mastectomy, able from the SEER data. The simple K statistic was
lumpectomy, quadrantectomy, tylectomy, wedge calculated to quantify the degree of agreement in
resection, nipple resection, excisional biopsy, or surgical treatment categories between the 2 data-
partial mastectomy unspecified, with or without bases. 26 The odds ratios of concordance on surgi-
dissection of axillary lymph nodes. Mastectomy cal treatment between the 2 databases were gen-
was defined as subcutaneous, total (simple), mod- erated from multivariate logistic regression
ified radical, radical, or extended radical mastec- analyses. These analyses adjusted for age, race,
tomy. tumor stage, and geographic area because previ-

In Medicare, BCS was defined with the follow- ous studies have found that the degree of agree-
ing codes: ICD-9-CM24 procedure codes 8521 ment of information on treatment is affected by
(local excision), 8522 (quadrantectomy), or 8523 these factors.8',9,1,2,21 Four metropolitan areas
(subtotal mastectomy) or common procedure ter- (San Francisco-Oakland was combined with Los
minology 25 codes 19120 (local excision), 19160 Angeles County and the San Jose-Monterey area
(partial mastectomy), or 19162 (partial mastec- in California) and 5 states, forming 9 areas, were
tomy with axillary dissection). Mastectomy was adjusted in the analysis. All computer program-
defined with the following codes: ICD-9-CM pro- mring and analyses were completed with the SAS
cedure codes 8541 to 8542 (simple mastectomy), system.27

8543 to 8544 (modified radical), or 8545 to 8548
(radical) or a common procedure terminology
code on a physician or outpatient claim of 19240 Results
(modified radical), 19220 (radical), or 19180 (sim-
ple mastectomy). Table 1 presents comparisons of surgical treat-

ment between the SEER and Medicare databases
in women with breast cancer diagnosed from 1991

Analyses through 1993. Of 13,431 women having mastec-
tomies according to the Medicare data, 95% were

Medicare claims for surgical treatment were confirmed by SEER. For BCS, 88% of cases were
categorized into 3 groups: mastectomy, BCS, and confirmed by SEER. The simple K statistic for

no cancer-directed surgery. Women were consid- overall agreement on surgery between SEER and
ered to have received mastectomy if any of 3 Medicare was 0.75 (95% confidence interval [CIQ
Medicare claim sources (inpatient, outpatient, or 0.74 to 0.76). From Table 1, of the 23,709 total
physician/supplier claims) indicated so, regardless patients with breast cancer, in 21,299 (90%) there
of whether or not they had any claims for BCS. If was information regarding surgical treatment in
they had claims for BCS only, they were defined as both SEER and Medicare. Among these patients,
having received BCS. If they had neither claims for concordance between the 2 databases was 94%,
mastectomy nor for BCS, they were considered to and the K statistic was 0.86 (95% CI 0.85 to 0.87).
have no cancer-directed surgery. There was no statistically significant difference for

Because SEER collects only information on the concordance rates between SEER and Medi-
treatment within 4 months of the date of diagno- care for cases diagnosed in 1991 compared with
sis,23 we examined all Medicare claims from 1991 1992 (X2 test, P >0.2) or 1993 (P >0.09).
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TABLE 1. Comparison of Surgical Treatment Between SEER and Medicare Claims Made Within 4
Months of Date of Diagnosis for Women With Breast Cancer Diagnosed From 1991 to 1993

Medicare*

No Cancer-Directed BCS, Mastectomy, Total Row,
SEER Surgery, n (%) n (%) n (%) n (%)

No cancer-directed surgery 674 (66.1) 258 (25.3) 87 (8.5) 1,019 (100.0)
(32.6) (3.1) (0.7)

BCS 477 (5.7) 7,231 (86.4) 658 (7.9) 8,366 (100.0)
(23.1) (88.0) (4.9)

Mastectomy 914 (6.4) 724 (5.1) 12,686 (88.6) 14,324 (100.0)
(44.3) (8.8) (94.5)

Total column, n (%) 2,065 (100.0) 8,213 (100.0) 13,431 (100.0) 23,709
*Claims for surgical treatnent were identified from the hospital inpatient, hospital outpatient, or physician

services files in the Medicare database, and only those claims for surgery made within 4 months of the date of
diagnosis of breast cancer were counted here. Women were considered to have received mastectornies if any of the
3 Medicare claim sources (inpatient, outpatient, or physician claims) indicated so, regardless of whether or not they
had any claims for BCS. If they had claims for BCS only, they were defined as having received BCS. If they had no
claims for mastectomy or BCS, they were considered to have no cancer-directed surgery. Values are n (row %)
followed by column percent.

Table 2 presents data on the accuracy of infor- only 34% of those receiving BCS. The physician
mation on type of surgery in each of the 3 Medi- claims showed similar degrees of completeness of
care claims sources compared with SEER. In these information on surgery for patients receiving mas-
analyses, we limited the analyses to cases in which tectomies (91%) and BCS (91%). Of 13,341 pa-
information about type of surgery was available tients with mastectomies and 8,213 with BCS, 54
both in the particular Medicare claims source (0.4%) of patients with mastectomies and 166
examined and in SEER. Approximately 96% of (2.0%) patients with BCS were identified by the
patients with mastectomy claims either in Medi- outpatient claims and were not identified in either
care physician files or in Medicare inpatient files the inpatient or physician claims. When the 3
were confirmed by SEER. As for BCS, 91% and claims sources were combined, 94% of surgeries
88%, respectively, were confirmed by SEER. Of according to SEER were identified by Medicare.
patients with mastectomies in Medicare outpa- Table 4 presents 3 different comparisons of
tient files, 83% were confirmed by SEER, but only information on receipt of surgery between the 2
50% of patients with BCS claims in outpatient files databases. The percentage of patients in whom
were confirmed by SEER. Overall agreement be- there is agreement on receipt of surgery is given,
tween Medicare and SEER was 95% for mastec- as is the K statistic, as a function of patient and
tomy and 91% for BCS (Table 2). tumor characteristics. The last column was a mul-

Table 3 presents the completeness of informa- tivariate analysis, showing the odds of a patient
tion on surgery from the different sources of having concordant information regarding receipt
Medicare claims compared with SEER. The Medi- of surgery between the 2 databases. Concordance
care physician services claims identified >91% of between the 2 data sets was significantly greater in *1
patients who received breast cancer surgery ac- older women and in whites. Agreement on receipt
cording to SEER. The Medicare inpatient claims of surgery was significantly better in those with
identified 68%; the outpatient claims identified local or regional stage but much lower in those
only 33%. As might be expected, the 3 sources of with distant or unstaged compared to those with
the Medicare claims data differed in their corn- in situ cancer. There was variation among the 9
pleteness, depending on the type of breast cancer SEER areas in the extent of concordance on type of
surgery performed. The outpatient claims had data surgery between SEER and Medicare, ranging
on surgery for 44% of those receiving BCS accord- from 81% to 90% (data not shown). When the
ing to SEER but for only 27% of those receiving region variables were excluded from the logistic
mastectomies (Table 3). The inpatient claims had model, the magnitude of the odds ratios for other
data on 86% of those receiving mastectomies and variables changed slightly, but the direction and
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TABLE 2. Accuracy of Information on Type of Surgery in the Medicare Claims Database Compared
With SEER

Cases With Claims for Mastectomy Cases With Claims for BCS in
in Medicare Files Confirmed by Medicare Files Confirmed by

SEER, % (No. Identified by SEER, % (No. Identified by
Source of Medicare Claims SEER/No. in Medicare)* SEER/No. in Medicare)*

Medicare physician claims 96.2 (12,096/12,580) 87.9 (7,105/8,087)

Medicare inpatient claims 96.0 (12,087/12,586) 91.3 (2,369/2,596)

Medicare outpatient claims 82.8 (231/279) 49.7 (3,612/7,269)

Three Medicare claims combinedt 95.1 (12,686/13,344) 90.9 (7,231/7,955)

*The analyses are restricted to those cases in which a surgical therapy is coded in both SEER and the particular
Medicare database being assessed for accuracy. As a result, denominators varied by paired comparisons (including
the combined numbers at the bottom of the table).

"tIf there was a claim for mastectomy in any of the 3 Medicare claims sources (hospital inpatient, hospital
outpatient, or physician claims files), the case was categorized as mastectomy. Otherwise, the case was categorized
as BCS. Only claims for surgery made within 4 months of the date of diagnosis of breast cancer were examined to

ascertain surgery status.

significance of the odds ratios remained un- addressing these issues, we used the SEER data as
changed. the reference group because the SEER program of

the National Cancer Institute is the most author-

itative source of data on cancer incidence, mortal-

ity, and treatment. 2B,29 SEER was designed primar-

The question addressed by this study is whether ily to provide such information,21 whereas the

the Medicare claims data provide valid informa- Medicare claims data are administrative in nature

tion on surgical treatment for patients known to and not designed for research purposes.2- 6,n-1 3 In

have breast cancer. This question has 2 compo- addition, the validation study showed that the

nents: one involves accuracy and the other is results on breast cancer surgery were similar in

completeness. We examined these issues for each SEER compared with the National Cancer Data-

of the 3 sources of Medicare claims and for the base of the American College of Surgeons Coin-

combined data from all 3 sources. When we were mission on Cancer and the American Cancer

TABLE 3. Completeness of Medicare Claims on Surgery (Mastectomy or BCS) for Women With Breast

Cancer Diagnosed From 1991 Through 1993

Patients With Mastectomy Patients With BCS
According to SEER Who According to SEER Patients With Either Mastectomy

Were Identified by Who Were Identified or BCS According to SEER Who
Medicare Claims as by Medicare Claims as Were Identified by Medicare

Source of Medicare Having Any Surgery* Having Any Surgery* Claims as Having Any Surgery
Claims (n = 14,324), n (%) (n = 8,366), n (%) (n = 22,690), n (%)

Physician claims 13,078 (91.3) 7,589 (90.7) 20,667 (91.1)

Inpatient claims 12,314 (86.0) 2,868 (34.3) 15,182 (67.9)

Outpatient claims 3,888 (27.1) 3,660 (43.7) 7,548 (33.2)

3 Claims combinedt 13,410 (93.6) 7,889 (94.3) 21,299 (93.9)

*Surgery includes either mastectomy or BCS.
tMedicare claims for surgery were identified from the hospital inpatient, hospital outpatient, or physician

services files. Only claims for surgery made within 4 months of the date of diagnosis of breast cancer were
examined to ascertain breast cancer surgery. If there was a claim for mastectomy in any of the claims sources, the
case was categorized as mastectomy. Otherwise, the case was categorized as BCS.
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TABLE 4. Comparison of Surgical Treatment Between SEER and Medicare in Women With Breast
Cancer Diagnosed From 1991 Through 1993

Medicare Versus SEER
Characteristics Number of Simple K Concordant Adjusted Odds Ratio of
From SEER Registry Patients (95% CQ) Cases, % Being Concordant (95% CI)*

All patients 23,709 0.75 (0.74-0.76) 86.8 ...
Age, y

65-74 12,902 0.71 (0.70-0.72) 84.8 1
75-84 8,408 0.79 (0.78-0.80) 88.9 1.39 (1.27-1.52)
85+ 2,399 0.84 (0.82-0.86) 90.5 1.51 (1.30-1.76)

Race
White 21,534 0.75 (0.74-0.76) 87.0 1
Black 1,342 0.73 (0.70-0.76) 84.1 0.79 (0.67-0.94)
Other 833 0.77 (0.73-0.81) 87.2 1.17 (0.90-1.53)

Cancer stage
In situ 2,176 0.74 (0.71-0.76) 86.0 1
Local 13,546 0.77 (0.76-0.78) 88.3 1.26 (1.09-1.45)
Regional 5,051 0.70 (0.68-0.73) 88.8 1.44 (1.23-1.69)
Distant 914 0.58 (0.53-0.62) 71.8 0.39 (0.32-0.48)
Unstaged 2,022 0.68 (0.65-0.70) 79.6 0.56 (0.47-0.68)
*Odds ratios were derived from the logistic regression model, adjusted for the variables listed in the table and 9

SEER areas.

Society.30 They found that 53.4% of women with registry data. The study found a high concordance
breast cancer had mastectomies and 37.7% had rate for mastectomy between the 2 databases.18

BCS in SEER compared with 54.1% and 40.7%, Warren et al20 described a comparison of mastec-
respectively, in the National Cancer Database.3 0  tomy between Medicare and SEER in patients who

In terms of accuracy; among patients for whom underwent mastectomies only in 1992-1993. The
information on type of surgery was available from agreement rate was 95% for inpatients and 89%
both Medicare and SEER, 95% of patients who for outpatients. 2° These previous studies on breast
received mastectomies according to the combined cancer surgery depended on the Medicare inpa-
Medicare claims were confirmed by SEER. Of tient or outpatient claims data but did not use the
those who received BCS, 91% were confirmed by physician claims data. We found in this study that
SEER. The Medicare physician services claims and information on surgery identified from the physi-
inpatient claims were approximately equal in ac- dan service claims was similar in accuracy com-
curacy for type of surgery. The Medicare outpatient pared with that from the inpatient claims. Only
claims were less accurate for BCS. The concor- 50% of BCS from the outpatient claims could be
dance is greater in older women (->75 years) and identified by SEER. This may largely reflect clinical
in patients with local or regional stage cancer but practice patterns because many women who had
varies among the SEER areas. BCS in the outpatient settings for diagnostic pur-

The accuracy of Medicare data on breast cancer poses may end up with a mastectomy in hospitals.
surgery has also been studied with different refer- Therefore, the combined data from all 3 sources of
ence groups, such as reabstracted records or local Medicare claims should generate the most accu-
cancer registry data. Fisher et al12 compared Medi- rate information on surgery.
care inpatient hospitalization codes for mastec- We also found that any single Medicare claims
tomy with that identified from the reabstracted source did not provide complete information on
hospital record. Of those mastectomies identified surgery (Table 3), although Medicare physician
by the reabstracted record, 97% were found to claims seemed the most complete among the 3
have a code for mastectomy in Medicare data. Medicare claims sources. Medicare outpatient
However, only 33 cases were reviewed. In another claims, although least complete, still identified
study, discharge data from one hospital in New 0.4% of patients with mastectomies and 2.0% of
York City were compared with hospital cancer cases with BCS that otherwise were not identified
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by either inpatient or physician claims. When the breast cancer who received cancer-directed surgery
3 claims sources were combined, 94% of patients according to the Medicare claims data that were not
receiving breast cancer surgery according to SEER recorded in the SEER data. For example, of 1,019
were identified by Medicare. patients who did not have surgery according to

A number of factors might have contributed to SEER, 345 (34%) had claims for such a surgery in
reduce the completeness of the Medicare data on Medicare (Table 1). As previous investigatorsuM,31
surgery. First, information on surgery from Medicare also demonstrated, SEER might not provide corn-
was restricted to those who had claims within 4 plete information on treatment because it might
months of the date of diagnosis. This made it corn- sometimes miss information from outpatient set-
patible with SEER data because SEER collects infor- tings and might not record those who moved im-
mation only within this period3.2 However, this mediately after diagnosis or underwent treatment in
might have excluded those who had late claims for an out-of-state fcility32 Furthermore, this study was
surgery and thus underestimate the degree of agree- performed in a cohort of women who were diag-
ment between 2 data sets. We did additional analy- nosed with breast cancer and were successfully
ses extending the time frame from 4 to 12 months linked with Medicare data (94% match rate).13 Also
after diagnosis. As a result, the overall agreement excluded were patients enrolled in HMOs and those
between SEER and Medicare on type of surgery without coverage of both Medicare parts A and B in
improved (K=0.78 compared with 0.75 in Table 1). 1991-1993. It is unknown whether the 2 databases
Second, younger patients who recently became eli- would agree on type of surgery for those cases
gible for Medicare coverage might have less corn- excluded, particularly those that were not ascer-
plete information in Medicare claims records. In- mined by SEER as breast cancer but identified by
deed, younger age was a risk factor for lack of Medicare data alone. Nevertheless, there was no
concordance between Medicare and SEER (Table 4). external validation of the information on receipt of
Third, if patients switched their carie to HMOs or surgical treatment to assess the accuracy of the
received care in Veterans Affairs hospitals, they may Medicare and SEER data sources and to determine
have missing information in the Medicare claims, which data source is "correct."This may be achieved
Finally, it may be possible that a very small propor- by reviewing the medical records for a sample of
tion of patients in SEER were mismatched with the patients with breast cancer. However, all patient
Medicare data. If this happened, those patients identifiers were removed from the final SEER-
would not have had Medicare claims for breast Medicare linked database for confidentiality reasons,
cancer surgery. precluding these analyses.

As previous studies also showed, Medicare claims In conclusion, the combined Medicare claims
data on the validity of mastectomy"2 have been database, which includes the inpatient, outpatient,
found to have a high level of accuracy. In this study, and physician service claims, provides valid informa-
we demonstrated that information on mastectomy tion on surgical treatment among women known to
and BCS is reasonably accurate and complete for have breast cancer. The claims are a rich source of
women known to have breast cancer. Hence, using data to augment the information routinely collected
Medicare claims data may overcome the limitations by tumor registries. In particular, it provides informa-
in ascertaining treatment from cancer registries. tion on receipt of medical services that can be used to

This study has some limitations. First, this analysis examine patterns of care and follow long-term out-
used only the Medicare claims for women identified comes of Medicare beneficiaries.
from the SEER data as having cancer. The accuracy
and completeness of breast cancer-related proce-
dures for non-SEER cases are unknown. It is impor- Acknowledgments
tant to note that the presence of a Medicare claim
with a breast cancer-related procedure does not Thistud puedatinked SeEr-Med e data
confirm that the woman had cancer because some base. The interpretation and reporting of these data• are the sole responsibilities of the authors. We ac-
procedures, such as BCS, may be used for diagnostic knowledge the efforts of the Applied Research Branch,
as well as therapeutic purposes. Second, we used the Division of Cancer Prevention and Population Science,
SEER data as the reference group. Although SEER National Cancer Institute; the Office of Information
provides valid information on breast cancer surgical Services and the Office of Strategic Planning, HCFA;
treatment,30 we found a number of women with Information Management Services, Inc; and the SEER
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Costs: $7,200 Jan. 1, 1989-Dec. 21, 1989. "Relation of Age and Ethnicity to Patterns of
Treatment for Breast Cancer".

Public Health Service Grant, National Cancer Institute RO1-CA54676. Principal Investigator at
40% effort. Total Direct Costs: $49,099, April 1, 1991-June 1992. "Use of Breast-Conserving
Surgery in the Elderly."

Public Health Service Grant, National Cancer Institute RO1-CA54676. Principal Investigator at
35% effort. Total Direct Costs: $286,271, May 24,1993-April 30, 1997. "Use of Breast-
Conserving Surgery in the Elderly."

VA HSR&D #92-609. Co-Investigator at 10% effort. Total Direct Costs: $508,000, July 1,
1993-June 30, 1996. "Clinical Decision Making and Prostate Cancer." PI: Marilyn Schapira,
M.D.

Department of Defense, DAMD17-94-J4043. Principal Investigator at 25% effort. Total Direct
Costs $525, 667. September 1994-August 1999. "Surveillance After Initial Treatment for Breast
Cancer: A Population-Based Study of Variation and Outcomes of Care".

Department of Defense DAMD17-96-6262. Principal Investigator at 25% effort. Total Direct
Costs: $540,000, Sept 1996-Aug 2001. "Early Stage Breast Cancer in Older Women: Predictors
and Outcomes of Therapy".

National American Cancer Society, Cancer Control Career Development Award for Primary
Care Physicians. Mentor at 5% effort (donated) for award to Marilyn M. Schapira, M.D. Total
Direct Costs: $140,000. July 1, 1997-June 30, 2000.
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National American Cancer Society, Cancer Control Career Development Award for Primary
Care Physicians. Mentor at 5% effort (donated) for award to Mary Ann Gilligan, M.D. Total
Direct Costs: $165,000. July 1, 1999-June 30, 2002.

HRSA, National Research Service Award T32-PE 10030. Co-Program Director at 10% effort.
PI: Linda Meurer, MD. Total direct costs $1,308,420, July 1, 1998-June 30, 2003. "Academic
Fellowship in Primary Care Research."

PHS, National Cancer Institute 1UO1CA/E581773. Site Principal Investigator at 15% effort. PI:
James S. Goodwin, MD. Total Direct Costs for site: $283,969, June 1, 1999 - March 31, 2003.
"Regional Variation in Breast Cancer Rates in the U.S.".

PHS, National Cancer Institute RO 1CA081379. Principal Investigator at 25% effort. Total Direct
Costs: $525,000, July 1, 2000-June 30, 2003. "Outcomes of Older Women with Early Stage
Breast Cancer."
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Appendix

Table A.1 Demographic Characteristics of Training cohort: 1995

Group

Br. c. cases Cancer contr. Cancer free Total
contr.

(n=8,185) (n=801) (n=ll,176) (n=20,162)

Age
65-69 1,853 (22.64%) 188 (23.47%) 2,827 (25.29%) 4,868 (24.14%)

70-74 2,222 (27.15%) 190 (23.72%) 2,795 (25.01%) 5,207 (25.83%)

75-79 1,789 (21.86%) 162 (20.23%) 2,186 (19.56%) 4,137 (20.52%)

80+ 2,321 (28.35%) 261 (32.58%) 3,368 (30.14%) 5,950 (29.51%)

Range 65-107 65-101 65-108 65-108

Median 75 76 74 75

Mean (sd.) 75.53 (7.00) 76.38 (7.69) 75.77 (7.69) 75.70 (7.42)

Race
White 7,237 (88.42%) 697 (87.02%) 9,529 (85.26%) 17,463 (86.61%)

Black 517 ( 6.31%) 58 ( 7.24%) 809 ( 7.24%) 1,384 ( 6.87%)

Other 396 ( 4.84%) 43 ( 5.37%) 737 ( 6.59%) 1,176 ( 5.83%)

Unknown 35 ( 0.43%) 3 ( 0.37%) 101 ( 0.91%) 139 ( 0.69%)

State
California 2,235 (27.31%) 221 (27.59%) 2,939 (26.30%) 5,395 (26.76%)

Connecticut 1,217 (14.87%) 90 (11.23%) 1,592 (14.24%) 2,899 (14.38%)

Georgia 455 ( 5.56%) 50 (6.24%) 719 ( 6.43%) 1,224 ( 6.07%)

Hawaii 178 ( 2.17%) 20 (2.50%) 284 ( 2.54%) 482 ( 2.39%)

Iowa 1,159 (14.16%) 125 (15.60%) 1,619 (14.49%) 2,903 (14.40%)

Michigan 1,345 (16.43%) 130 (16.23%) 1,795 (16.06%) 3,270 (16.22%)

New Mexico 291 ( 3.55%) 28 ( 3.50%) 521 (4.66%) 840 ( 4.17%)

Utah 341 ( 4.17%) 32 ( 4.00%) 543 C4.86%) 916 ( 4.54%)

Washington 964 (11.78%) 105 (13.11%) 1,164 (10.42%) 2,233 (11.07%)



Table A.2 Demographic Characteristics of Validation cohort: 1992

Group

Br. c. cases Cancer contr. Cancer free Total
contr.

(n=8,480) (n=813) (n=68,797) (n=78,090)

Age
65-69 2,030 (23.94%) 183 (22.51%) 18,390 (26.73%) 20,603(26.38%)

70-74 2,231 (26.31%) 184 (22.63%) 16,809 (24.43%) 19,224(24.62%)

75-79 1,907 (22.49%) 169 (20.79%) 13,769 (20.02%) 15,845(20.29%)

80+ 2,312 (27.26%) 277 (34.07%) 19,829 (28.82%) 22,418(28.71%)

Range 65-104 65-100 65-107 65-107

Median 74 76 74 74

Mean (sd.) 75.47 (7.08) 76.53 (7.70) 75.53 (7.71) 75.53 (7.64)

Race
White 7,545 (88.97%) 711 (87.46%) 59,105 (85.91%) 67,361(86.26%)

Black 534 ( 6.30%) 44 ( 5.41%) 4,626 ( 6.72%) 5,204( 6.66%)

Other 348 ( 4.10%) 48 ( 5.90%) 3,850 ( 5.60%) 4,246( 5.44%)

Unknown 53 ( 0.63%) 10 ( 1.23%) 1,216 ( 1.77%) 1,279( 1.64%)

State
California 2,539 (29.94%) 251 (30.88%) 20,876 (30.34%) 23,666(30.31%)

Connecticut 1,244 (14.67%) 121 (14.88%) 9,533 (13.86%) 10,898(13.96%)

Georgia 462 ( 5.45%) 44 ( 5.41%) 4,016 ( 5.84%) 4,522( 5.79%)

Hawaii 154 ( 1.82%) 11 ( 1.35%) 1,481 ( 2.15%) 1,646( 2.11%)

Iowa 1,174 (13.84%) 111 (13.66%) 9,213 (13.39%) 10,498(13.44%)

Michigan 1,352 (15.94%) 128 (15.74%) 10,483 (15.24%) 11,963(15.32%)

New Mexico 316 3.73%) 33 ( 4.06%) 3,102 ( 4.51%) 3,451( 4.42%)

Utah 326 3.84%) 36 ( 4.43%) 3,076 ( 4.47%) 3,438( 4.40%)

Washington 913 (10.77%) 78 ( 9.59%) 7,017 (10.20%) 8,008(10.25%)
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Table A.3 Demographic Characteristics of Validation cohort: 1993

Group

Br. c. cases Cancer contr. Cancer free Total
contr.

(n=8,169) (n=802) (n=69,529) (n=78,500)

Age
65-69 1,852 (22.67%) 149 (18.58%) 18,119 (26.06%) 20,120(25.63%)

70-74 2,224 (27.22%) 202 (25.19%) 17,152 (24.67%) 19,578(24.94%)

75-79 1,828 (22.38%) 175 (21.82%) 13,887 (19.97%) 15,890(20.24%)

80+ 2,265 (27.73%) 276 (34.41%) 20,371 (29.30%) 22,912(29.19%)

Range 65-106 65-99 65-108 65-108

Median 75 76 74 74

Mean (sd.) 75.57 (7.04) 76.83 (7.66) 75.63 (7.71) 75.64 (7.64)

Race
White 7,309 (89.47%) 712 (88.77%) 60,370 (86.83%) 68,391(87.12%)

Black 483 ( 5.91%) 42 ( 5.24%) 4,898 (7.04%) 5,423( 6.91%)

Other 339 ( 4.15%) 42 ( 5.24%) 3,817 (5.49%) 4,198( 5.35%)

Unknown 38 ( 0.47%) 6 ( 0.75%) 444 (0.64%) 488( 0.62%)

State
California 2,343 (28.68%) 264 (32.92%) 20,283 (29.17%) 22,890(29.16%)

Connecticut 1,234 (15.11%) 104 (12.97%) 9,756 (14.03%) 11,094(14.13%)

Georgia 467 ( 5.72%) 42 ( 5.24%) 4,173 ( 6.00%) 4,682( 5.96%)

Hawaii 167 ( 2.04%) 17 ( 2.12%) 1,578 ( 2.27%) 1,762( 2.25%)

Iowa 1,114 (13.64%) 119 (14.84%) 9,438 (13.57%) 10,671(13.59%)

Michigan 1,276 (15.62%) 133 (16.58%) 10,805 (15.54%) 12,214(15.56%)

New Mexico 295 ( 3.61%) 22 ( 2.74%) 3,222 ( 4.64%) 3,539( 4.51%)

Utah 336 ( 4.11%) 23 ( 2.87%) 3,092 ( 4.45%) 3,451( 4.40%)

Washington 937 (11.47%) 78 ( 9.72%) 7,182 (10.33%) 8,197(10.44%)
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Table A.4 Demographic Characteristics of Validation cohort: 1994

Group

Br. c. cases Cancer contr. Cancer free Total
contr.

(n=8,055) (n=805) (n=69,995) (n=78,855)

Age
65-69 1,892 (23.49%) 172 (21.37%) 17,991 (25.70%) 20,055(25.43%)

70-74 2,130 (26.44%) 191 (23.73%) 17,258 (24.66%) 19,579(24.83%)

75-79 1,767 (21.94%) 192 (23.85%) 14,143 (20.21%) 16,102(20.42%)

80+ 2,266 (28.13%) 250 (31.05%) 20,603 (29.43%) 23,119(29.32%)

Range 65-105 65-101 65-109 65-109

Median 75 75 74 74

Mean (sd.) 75.51 (7.03) 76.43 (7.56) 75.67 (7.69) 75.66 (7.62)

Race
White 7,203 (89.42%) 688 (85.47%) 60,201 (86.01%) 68,092(86.35%)

Black 496 ( 6.16%) 75 ( 9.32%) 4,964 ( 7.09%) 5,535( 7.02%)

Other 325 ( 4.04%) 39 ( 4.84%) 4,362 ( 6.23%) 4,726( 5.99%)

Unknown 31 ( 0.38%) 3 ( 0.37%) 468 ( 0.67%) 502( 0.64%)

State
California 2,226 (27.63%) 227 (28.20%) 19,688 (28.13%) 22,141(28.08%)

Connecticut 1,213 (15.06%) 113 (14.04%) 10,032 (14.33%) 11,358(14.40%)

Georgia 472 ( 5.86%) 51 ( 6.33%) 4,355 ( 6.22%) 4,878( 6.19%)

Hawaii 159 ( 1.97%) 14 ( 1.74%) 1,635 ( 2.34%) 1,808( 2.29%)

Iowa 1,100 (13.66%) 110 (13.66%) 9,650 (13.79%) 10,860(13.77%)

Michigan 1,292 (16.04%) 144 (17.89%) 11,063 (15.80%) 12,499(15.85%)

New Mexico 291 ( 3.61%) 29 ( 3.60%) 3,185 ( 4.55%) 3,505( 4.44%)

Utah 355 ( 4.41%) 23 ( 2.86%) 3,175 ( 4.54%) 3,553( 4.51%)

Washington 947 (11.76%) 94 (11.68%) 7,212 (10.30%) 8,253(10.47%)
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SUBJECT: Request Change in Distribution Statement

1. The U.S. Army Medical Research and Materiel Command has
reexamined the need for the limitation assigned to technical
reports written for this Command. Request the limited
distribution statement for the enclosed accession numbers be
changed to "Approved for public release; distribution unlimited."
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Information Service.
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